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SUMMARY 


The  correlation  coefEicient  between  the 
fjtjres  price  an-I  the  spot  price. 

The  rate  at  which  one  can  borrow  'Honey,  csin^ 
a GNMA  certificate  as  collateral. 


The  number  of  futures  contracts  euopliaO  at 


s(t) 


The  spot  price  at  time  t. 

The  time  of  maturity  of  the  futures  contract. 

The  expected  return  from  the  unhedged 
pos ition. 

The  ratio  of  hedged  to  unhedged  assets. 

Two  Stage  Least  Squares. 


done  in  1979  by  Stain  for  commodity  futjcaa,  with  modifica- 
tions for  the  Jnique  charactaclstlcs  of  interest  cate 
futures.  The  net  demand  for  oontracts  by  hedijers  is  derived 
from  the  expression  for  the  optimal  ratio  of  hedged  to  un- 
hedged assets,  with  the  hedged  end  unhedged  assets  considered 
as  a portfolio.  The  factors  which  affect  this  ratio  are 
analyzed,  leading  to  statements  concerning  the  expected 
effect  of  an  increase  in  each  of  the  factors  on  the  demand 
for  interest  rate  futures.  The  net  supply  of  contracts  by 
speculators  is  derived  from  an  expression  for  the  optimal 
number  of  contracts  to  be  bought  or  sold  by  a speculator  who 
maximizes  expected  utility.  Factors  affecting  this  optimal 
number  are  examined,  and  statements  are  made  concerning  the 
expected  affect  on  the  supply  of  Interest  rate  futures  of  an 

To  test  the  resulting  model,  a sample  is  taken  from  the 
market  for  contracts  for  futuce  delivery  of  Government 
National  Mortgage  Association  certificates  for  the  years 
1979,  1977,  and  1979.  The  estimates  of  Supply  and  demand 
schedules  are  derived  from  the  sample  by  ordinary  least 
squares  and  two  stage  least  squares.  Hhile  the  coefficients 
of  the  variables  in  the  schedules  calculated  by  ordinary 
least  squares  indicate  that  both  the  supply  and  demand 
schedules  are  positive  functions  of  the  price  of  futures  con- 
tracts, the  schedules  based  on  two-stage  least  squares--rnore 


appcopciate  for  sicnultaneoijs  equations — do  not.  These  lattec 
schedules  Indicate  that  supply  increases  and  denand  decreases 
as  the  price  of  the  futures  contracts  riseS/  as  predicted  by 
the  model.  The  coefficient  of  the  variable  for  expected  pro- 
fit is  significantly  positive  in  both  the  supply  and  demand 
functions.  The  coefficient  of  the  return  on  the  unhedged 
position  is  significantly  negative,  as  predicted.  However, 
for  the  variables  measuring  assets  to  be  hedged  and  the  asset 
base  of  speculators,  the  supply  and  demand  schedules  do  not 
appear  to  behave  as  predicted  by  the  model.  It  is  concluded 
that  these  variables  do  not  provide  a sensitive  measure  of 
the  underlying  factors. 

The  testing  of  a model  for  Interest  rate  futures  pre- 
sents some  unique  econometric  problems.  These  futures 
markets  may  sometimes  be  in  disequilibrium,  since  trading  on 
the  Chicago  Board  of  Trade  is  regulated  by  the  Commodity 
Futures  Trading  Commission  and  daily  price  movements  cannot 
exceed  specified  amounts.  An  econometric  model  of  estimation 
for  this  unusual  sourcs  of  disequilibrium  contains  a 
two-limit  tobit  type  of  model  to  accommodate  these  dally 
upper  and  lower  limits  on  price.  Such  a model  will  be  useful 
for  markets  with  a large  proportion  of  disequilibrium  points. 
However,  for  the  sample  studied,  the  technique  will  not 
provide  estimates  far  different  from  the  two-stage  least 
squares  estimates  because  of  the  small  number  of 
disequilibrium  points.  For  this  reason,  the  interpretations 
of  Chapter  IV  are  maintained. 


CHAPTER  I 
tSJTROOUCTIOM 

A futjres  contract  for  an  asset  is  a contract  to  buy  or 
sell  that  asset  at  a specified  future  date  for  a price  agreed 
upon  at  ttie  time  of  the  contract.  Onlilte  forward  coranit- 
mentSr  which  are  private  agreements  between  two  individuals 
about  later  sales  of  assets,  a futures  contract  conforms  to 
standardised  specifications  and  is  traded  in  an  organised 
market.  Specifications  Include  the  method  and  date  of 
delivery  as  well  as  the  nature  of  the  item  to  be  delivered. 
Futures  contracts  are  traded  through  a clearing  house,  which 
acts  as  an  intermediacy.  Buyers  and  sellers  of  these  con- 
tracts hold  agreements  with  the  clearing  house  rather  than 
directly  with  each  other.  Since  each  transaction  is  backed 
by  the  clearing  house,  the  risk  of  default  on  contracts  is 
minimised.  The  arrangement  also  eliminates  the  problem  of 
having  to  find  a second  party  willing  to  buy  (or  sell)  the 
contract  being  sold  (or  bought). 

While  futures  contracts  for  agricultural  commodities 
have  been  traded  for  over  a century,  the  first  organised 
trading  of  futures  contracts  for  financial  securities — often 
referred  to  as  interest  rates  futures — occurred  in  October, 
1975.  This  Study  is  confined  to  the  market  for  interest  rate 
futures,  concentrating  on  the  futures  contract  which  has  the 


years  Is  assumed  when  calculating  the  yields  on  3N'IA 
certificates. 

The  3SJIA  tatures  contracts  (futures  contracts  to  buy  or 
sell  GMMA  certificates)  considered  in  this  paper  are  tcjded 
through  the  Chicago  9oard  of  Trade.  The  buyer  agrees  to  Cake 
delivery  of  the  certificate  on  the  date  specified  by  the 
contract.  The  price  at  which  the  contract  is  bought  or 
sold — Che  futures  price — is  the  price  which  the  buyer  must 
pay  and  the  seller  must  accept  for  Che  certificate  at  the 
time  of  delivery.  The  only  money  exchanged  at  the  time  of 
Che  futures  transaction  is  Che  margin  money.  Futures  traders 
must  hold  a minimum  amount  of  money/  called  isarglA/  in  their 
accounts  with  their  brokers.  As  the  futures  price  changes 
from  day  Co  day,  traders  make  or  lose  money,  which  is  added 
to  or  taken  away  from  their  accounts  at  the  end  of  each  day. 
The  margin  money  acts  as  a "cushion"  from  which  the  broker 
deducts  any  losses  the  trader  might  have  Incurred  during  the 

Futures  contracts  in  GNMA's  may  be  used  by  hedgers  In 
attempts  to  offset  possible  losses  in  their  positions  of  GNMA 
certificates  which  result  from  changes  in  Che  spot  price. 
Examples  of  such  hedges  are  given  in  Exhibits  1 and  2 of 
Chapter  III.  Speculators  also  trade  interest  rate  futures, 
Having  no  position  in  the  underlying  asset,  they  buy  and  sell 
futures  contracts  in  order  to  profit  from  the  movement  in  the 
futures  price.  Hedgers  and  speculators  form  the  market  for 
and  it  is  by  studying  the  actions  of  these  two 


groups  that  we  can  define  the  factors  that  .lececulne  the 
supply  and  denand  of  GNHA  futures  contracts. 

Much  has  been  written  about  the  purposes  and  efficiency 
of  commodity  futures  markets  and,  more  recently,  Interest 
cate  futures  markets,  and  most  empirical  work  in  futures 
markets  has  concentrated  on  price  movements  and  market  effi- 
ciency. However,  there  is  some  disagreement  as  to  the 
primary  nature  of  hedging,  and  how  much  hedging  should  be 
done  In  these  markets  by  any  firm.  Furthemore,  there  have 
been  relatively  few  efforts  to  create  models  describing  how 
supply  and  demand  are  determined  for  any  type  of  futures  con- 
tract. There  has  been  little  attempt  to  measure  empirically 
the  factors  that  determine  the  supply  and  demand  of  any 

Any  attempt  to  measure  supply  and  demand  functions  in 
futures  markets  Is  complicated  by  the  fact  that  price  move- 
ments of  futures  contracts  are  regulated  by  the  Commodity 
Futures  Trading  Commission.  Over  the  period  from  1975 
through  1978,  the  price  of  a GtJHA  futures  contract  was  not 
allowed  to  vary  by  more  than  twenty-four  thirty-seconds  of  a 
point  above  or  below  the  previous  day's  closing  price.  If 
the  price  change  reached  this  limit  tor  three  days  In  a row 
in  all  contracts  specifying  different  months  of  delivery,  a 
"variable  price  limit’  of  thirty-six  thirty-seconds  went  into 
effect  for  the  fourth  and  subsequent  days.  Whenever  such 
price  limits  are  in  effect,  the  price  mechanism  no  longer 
to  clear,  causing  d isaguil ibrlum. 


operates 


markets 


For  example,  when  the  cegLilatlon-llmtted  price  Is  lower  than 
Che  market-clearing  price,  there  will  be  lemana  in  excess  of 
Che  quantity  of  contracts  traded  at  chat  orice. 

The  fact  that  futures  markets  may  sometimes  be  in  dis- 
equilibrium means  that  standard  regression  techniques  cannot 
be  used  in  the  estimation  of  supply  and  demand  schedules. 
Whenever  a disequillorlum  occurs,  the  distribution  of  the 
quantity  variable  is  a truncated  normal  distribution,  vio- 
lating an  important  assumption  of  standard  regression 
techniques. 

The  purpose  of  this  study  is  threefold.  First,  an  ap- 
propriate model  of  supply  and  demand  for  Interest  rate 
futures  contracts  is  developed  frora  Stein's  (1979)  analysis. 
Second,  Che  correct  estiriation  techniques  for  a model  with 
this  unusual  source  of  disequilibrium  is  then  developed. 
Third,  five  hypotheses  concerning  the  signs  of  the 
coefficients  of  the  supply  and  de.-nand  schedules  are  tested 
for  the  GNMA  futures  market  using  standard  methods  of 
estimation,  and  Che  effect  of  the  correct  techniques  on  the 
results  is  discussed. 

Chapter  II  is  a review  of  previous  research  In  the  areas 
of  futures  markets  and  estimation  techniques  for  markets 
which  may  be  in  disequilibrium.  An  appropriate  model  of  sup- 
ply and  demand  for  Interest  rate  futures  contracts  is  devel- 
oped in  Chapter  III.  The  preliminary  testing  of  the 
hypotheses  is  described  In  Chapter  IV,  which  includes  a 
description  of  the  sample  used,  daflnlttona  of  the  variables, 
and  preliminary  test  results,  which  would  be  appropriate  as 
estimates  in  the  absence  of  regulation.  Chapter  V is  a 


description  of  tJie  econoisetrlc  techniqjes  which  are  developed 
to  allow  foe  the  possi'olllty  of  cegolation-indLioad 
dlsequlllhclun  la  the  3NHA  futures  market.  •»*  effset  on  the 
estimates  for  the  model  of  usinq  the  ootreot  estimation 
techniques  is  discussed,  finally.  Chapter  VI  is  a summary 
and  a statement  of  the  conclusions  of  the  study. 


CHAPTER  tl 

PREVIOUS  RESEARCH  IN  FUTURES  MARKETS 
AND  OISEQUIC.IHRIUH  TECHNIQUES 

This  Chapter  is  a review  of  research  conducted  in  the 
areas  of  futures  hedgin9  and  speculatlohi  and  of  econonetric 
techniques  for  markets  which  are  sometiines  in 
aisequIUhriu.n. 

Futures  Markets 

Many  examples  can  he  found  of  the  uses  of  futures  con- 
tracts for  both  commodities  and  financial  securities  [See  for 
example,  Bacon  and  williams  (1976),  Lubcheneo  and  Wagner 
(1976),  and  Sandor  (1975)).  Futures  contracts  can  be  used 
for  hedging  and  speculation.  Firms  or  individuals  with  a 
futures  position  in  a security,  but  with  no  plans  for  using 
the  security  itself,  may  be  considered  to  be  speculators.  On 
the  other  hand,  a firm  or  Individual  that  makes  use  of  a 
financial  security  and  takes  a futures  position  In  it,  or  in 
securities  closely  related  to  it,  may  be  defined  as  hedgers. 
Hedgers  use  the  futures  contract  as  a temporary  substitute 
for  a subsequent  financial  transaction.*  For  example,  a 
hedger  in  interest  rate  futures  may  have  a requirement  to 


•This  definition  of  hedgers  is  the  one  most  commonly 
used  in  the  industry  and  by  the  CFTC.  By  thia  definition 


declines  in  the  spot  price  when  the  Eirn  is  holding  in- 
ventory. Working  clal.ne  that  the  Elrm  will  not  hedge  jnless 
one  of  these  occurrences  is  anticipated.  Thus,  he  states 
that  flrvis  are  not  often  co;'iplete  hedgers,  and  that  they 
hedge  to  oaxinlae  expected  return  rather  than  to  isinlalje 
risk.  Johnson  <1960)  defines  a hedge  as  a position  in  two 
markets  such  that  the  price  risk  of  holding  given  quantities 
in  both  markets  over  a specified  time  is  oinimired.  We  in- 
troduces the  concept  of  evaluating  the  expected  return  as 
well  as  the  price  risk  before  determining  the  optimum  posi- 
tion to  take  in  the  futurea  market.  In  Johnson's  framework, 
a firm  will  hedge  to  minimize  the  price  risk  for  a given  ex- 
pected return  on  the  total  poaition  of  inventory  and  futures 
contracts,  or  maximize  expected  return  for  a given  level  of 
price  risk.  The  optimal  number  of  futures  contracts  Co  buy 
or  sell  is  therefore  determined  by  the  desired  expected  re- 
turn as  well  as  the  reduction  in  price  risk  that  a futures 
position  night  provide.  A complete  hedge  is  not  always  opti- 
mal in  Johnson's  framework,  and  we  see  that  Working's  exam- 
ples are  consistent  with  Johnson's  model:  Working  described 
firms  which  maxl.mtze  expected  return,  while  Johnson's  model 
contains  the  objective  of  maximizing  expected  return  for  e 
given  level  of  price  risk,  working  states  thet  firms  are  not 
complete  hedgers  because  they  do  not  attempt  to  minimize 
price  ris'K,  but  Johnson  illustrates  how  a complete  hedge  may 
not  be  optimal  for  price  risk  minimlzers  as  well,  when  expec- 
ted return  on  the  total  position  is  part  of  the  objective. 


Ei(E„  - cl 


“«"S 


s The  one-psriod  rate  of  return  on  the 

- the  expected  one-period  rate  o(  return  on  the 
"marlcet  portfolio,"  which  is  the  portfolio 
containing  all  aasets  on  the  tar'xet. 

^ the  covariance  of  the  return  on  asset  i and  Che 
return  on  the  market  portfolio,  divided  by  the 
variance  of  the  market  return,  written  as 
otSt,  (k^J. 


hccordlng  to  the  CAPh,  the  risk  of  the  asset  i is  given 
by  . Sguation  (1)  can  be  rewritten  as 

Ei  - r - 3i(S^  - rl  (2) 

The  left  hand  side  of  equation  (2)  may  be  viewed  as  a risk 
premium  on  asset  i — Che  excess  of  the  expected  return  above 
the  riskless  rata — and  the  right  hand  side  shows  how  the  risk 
premium  ia  affectad  by  the  asset's  risk,  In  applying 

the  CAPH  to  wheat,  corn  and  soybean  futures,  Dusak  finds  both 
g's  and  risk  premiums  In  all  three  to  be  approximately  equal 
to  zero.  These  findings  do  not  contradict  the  theories  of 
either  keynes  or  Hardy. 

There  is,  however,  neither  evidence  nor  reason  to  sus- 
pect that  futures  markets  are  different  in  nature  from  other 
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•narkeCs.  Unless  there  ere  barriers  Co  entry  into  £jteres 
•tarketSr  the  eqellXbriue  risk  reCorn  tcade'-off  should  be  the 
same  there  as  in  cash  markets.  Using  the  assampclon  that  the 
equilibria^  risk^recum  relationship  is  the  same  Cor  Cutures 
markets  as  for  cash  markets.  Black  (I97S)  derives  an 
equilibria'll  expected  Cutures  price  based  on  the  CAPh.  The 
expected  change  in  the  Cutures  price  from  time  t to  (t+1)  is 
given  by 

S[  ?ft*1)  - pitll  - S*[eT,  - rl  (3) 

p(ttt)  ■■  futures  price  at  time  (ft'),  a random 
variable. 

St*)  ■ expected  value  of  the  expression  in 
parentheses . 

- ,a.,  ..1^  , 

which  has  as  the  numerator  the  covariance  of 
change  in  the  Cutures  price  and  the  return 
on  the  market  portfolio,  rather  than  the 
usual  %),  as  in  equation  (2). 

Equation  (3)  provides  the  expected  increase  in  the  Cutures 
price  which  would  be  sufficient  compensation  for  the  risk  of 
the  futures  contract  fits  3”)  if  Cutures  markets  are  similar 
In  nature  to  other  marketsi  that  Is,  if  Investors  in  Cutures 
markets  are  assumed  to  be  risk-averse,  as  they  are  in  other 


suppose 
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for  a minute  chat  Hardy's  thesis  la 
oorceot,  and  that  futures  speculators  ace  actually  willing  to 
pay  for  the  privilege  of  gambling  in  the  narket.  Such  a specu- 
lator would  buy  a futures  contract  even  if  the  expected  orice 
appreciation  was  less  than  the  amount  given  by  equation  C3). 
Thus,  a futures  contract  having  an  expected  price  appreciation 
given  by 

E[ptt+1)  - ?(C)1  <S*[S:„  - r;  (4) 

is  acceptable  to  such  speculators  [even  though  they  could 
take  on  the  same  risk  at  a higher  expected  return  by  invest- 
ing in  other  markets,  where  equation  (3)  should  hold). 

However,  risk-averse  investors — hedgers — form  the  other 
side  of  the  market.  If  speculators,  accepting  price  -tiovements 
characterized  by  equation  (4),  provide  the  net  demand  for 
futures  contracts,  then  the  risk-averse  hedgers  provide  the  net 
supply  of  futures  contracts.  Hedgers  sell  futures  contrscts  to 
reduce  the  price  risk  of  their  position.  The  expected  cost  from 
time  t to  (t-t1)  of  this  reduction  in  risk  is  given  by 
EtP(t*1)  - p(t)!.  Sow,  sccordlng  to  equation  (3)  which  is 
derived  from  the  CAPM,  any  risk-averse  investor  would  be  willing 
to  pay  up  to  the  expected  amount  of  6*  [Em  “ the 

reduction  in  risk  given  by  the  of  the  contracts  sold.  Before 
entering  Into  a futures  transaction,  potential  hedgers  will 
consider  other  markets — which  provide  the  same  opportunity  for 
risk  reduction  given  by  the  future  market — to  see  which  market 
provides  this  reduction  at  the  lowest  expected  cost. 


similarly,  potential  Investors  in  other  marJcets  wishing  to 
reduce  risic  in  their  portfolios  may  consider  the  sale  of 
futures  contracts  as  one  way  to  achieve  that  goal.  In  any 
market  dominated  by  risk  averse  Investors,  the  agulllhrium 
expected  cost  of  reducing  portfolio  risk  by  the  amount  8* 
will  be  8 *[2.^  ~ r]  . As  long  as  equation  (4)  holds  in  the 
futures  market,  the  expected  cost  of  reducing  risk  In  chat 
market,  E[p(t+1)  - p(t)],  is  lower  than  the  corresponding 
cost  in  any  other  market.  After  compering  costs,  hedgers  and 
other  investors  wishing  to  reduce  portfolio  risk  would  choose 
to  sell  futures  contracts  rather  than  using  other  available 
markets  at  a higher  expected  cost,  increasing  the  supply  of 
futures.  AS  the  supply  increases,  the  price,  p{tl,  will 
decrease,  thereby  increasing  the  expected  cost,  E[p(ttlJ- 
P(t)). 

As  long  as  the  futures  market  is  small  relative  to  all 
securities  markets.  Investors  will  continue  to  enter  Che 
futures  market  and  drive  down  the  futures  price  until  equa- 
tion (1)  holds  in  that  market,  even  though  Che  speculators 
are  willing  to  accept  equation  (4).  Therefore,  Hardy's 
thesis  on  a negative  risk  premium  in  futures  markets  cannot 
hold  unless  there  are  forces  which  prevent  entry  into  futures 
markets,  or  futures  markets  are  very  large  relative  Co  all 
ocher  markets:  the  same  equilibrium  risk-return  relationship 
should  exist  in  futures  markets  as  in  other  markets. 

It  is  only  after  rejecting  Hardy's  vie’wpoinC  on  the 
nature  of  futures  markets  that  the  pricing  of  futures 
contracts  by  the  methods  associated  with  the  CAFM  becomes 


plauslbler  and  Che  research  on  pricing  that  followed  Che  CAPM 
does  rDa<:e  use  of  these  methods.  We  recall  that  Johnson  was 
one  of  Che  first  to  assume  an  objective  of  mlnlmlaing  price 
risk  for  a given  level  of  expected  return  to  determine  the 
optimal  number  of  futures  contracts  for  a hedge.  Stein 
(1379)  uses  the  same  concept,  further  developed  in  the  CAPM 
Itself/  to  derive  an  expression  for  the  net  supply  of 
conraodity  futures  contracts  by  hedgers.  The  optimal  quantity 
of  hedged  stock  for  a firm  is  derived  as  a function  of 
several  variables,  and  an  aggregate  supply  schedule  Is 
developed  from  the  functions  of  the  individual  firms.  Stein 
then  develops  an  expression  for  the  net  detnand  for  commodity 
futures  contracts,  which  is  based  on  the  assumption  of 
risk-averse  behavior  on  Che  part  of  speculators  in  the 
market.  Stein  supports  Che  assumption  on  Che  grounds  that 
large  speculating  firms  would  have  little  success  in 
attracting  capital  if  they  did  not  offer  the  same  risk-return 
relationship  to  investors  as  other  firms  did.  A general 
utility  function  for  speculators  is  then  used  to  derive  Che 
aggregate  excess  demand  schedule. 

The  derivation  of  functions  for  demand  and  supply  of 
Interest  cate  futures  contained  in  Chapter  III  of  this  study 
is  based  primarily  on  Che  work  of  Stein,  with  adaptations  to 
accommodate  the  differences  between  interest  rate  futures  and 


commodity  futures. 


Econometric  Techniques 


Merkete  which  Hey 


Ic  futures  .narkets  ^Jere  allowed  to  function  freely,  we 
could  write  the  expressions  tor  the  iemand  and  supply  of  a 
future  contract  as  a systeui  of  sloultaneoue  equations  such  as 

Ot  p(t)  * 3J  Xic  t ot  (3) 

St  -Oj  P(t)  + S;  X2C  + -^t  («) 

Qt  ■ Ot  ” St-  (7) 

where  Dt  Is  the  number  of  futures  contracts  denanded  on  day 
c at  price  p(t),  St  is  the  number  of  futures  contracta  sup- 
plied on  day  t at  price  p(t) , and  Qt  is  the  number  of  fu- 
tures contracts  traded  on  day  t.  Xit  sod  X2t  sre  K x 1 
vectors  of  exogenous  variables-  u and  a are  scalars-  and 
8 I and  are  K x 1 vectors.  If  the  market  Is  in  equili- 
brium. the  price,  ptt),  will  be  that  for  which  supply  and 
demand  are  equal  and  equation  (7)  holds-  and  standard  simul- 
taneous equation  techniques  such  as  two  stage  least  squares 
(2SLS)  may  be  used  to  estimate  the  supply  and  demand  func- 
tions. However,  the  regulation  of  the  futures  price  by  the 
Commodity  Futures  Trading  Commission  creates  the  need  for  a 
different  estimation  technique. 

Futures  markets  may  be  in  disequilibrium  whenever  price 
limits  ars  met.  Instead  of  a model  where  the  quantity  of 
futures  contracts  traded  ie  the  market-clearing  quantity, 
when  a price  limit  is  met,  the  quantity  transacted  will  equal 
the  minimum  of  the  supply  or  the  demand  at  that  price.  For 


If  3 pric«  decrease  is  stopped  vhen  the  lower  pric 
li.tit  is  met/  the  regulation  is  holding  the  price  artifi- 
cially high  and  the  supply  of  futures  contracts  will  exceed 
demand  at  that  price.  The  quantity  of  futures  contracts 
traded  is  then  the  quantity  demanded.  Similarly,  when  a 
price  increese  is  stopped  by  regulation  as  the  upper  limit 
met,  the  quantity  traded  is  the  quantity  supplied  at  the 

■Whenever  the  price  limits  ace  in  effect,  price  is  no 
longer  an  endogenous  variable  in  the  model;  p{t}  * p(t-M 
± L,  where  L is  the  regulated  maximum  price  movement. 

Here,  Ot  ■ Dt  ''f’®"  " P(t-1)  - L and  when 

p(tj  ■ p(t-1l  + b.  If  ?®(t)  is  the  mar'tet-clearing  price, 
*P  ' P(t)  - p(t-1),  and  L Is  the  regulated  maximum  price 


e model  is  then 

5t  “ a^p(t)  * B|Xit  + 

3t  > o,P(t)  ♦ S'Xjt  * 


I ip  I - ml 
Observations  c 


P®(t)  - p(t-1) 
te  separated  ini 
e demand  or  the 


o equilibrium  observations 
supply  side  of  the  mar'xet. 


Even  tliough  observations  can  be  separated  Into  those 
from  the  demand  or  the  supply  function,  the  method  of  ordi- 
nary least  squares  (OLS)  will  not  give  consistent  or  unbiased 
estimates  for  those  observations.  The  residuals  from  the 
truncated  samples  which  we  observe  do  not  have  zero  means  and 
they  ate  correlated  with  the  exogenous  variables 

Tobin  (1950)  was  one  of  the  first  to  consider  the 
problem  of  estimating  a model  with  a limited  dependent  vari- 
able. The  resulting  "tobit’  method  co.mbined  probit  analysis 
and  multiple  regression  techniques,  and  specified  the  correct 
likelihood  function  for  models  where  there  are  concentrations 
of  the  dependent  variable  at  a limit.  Olsan  (1978)  shows 
that  tobit  likelihood  functions  have  a unique  global  maximum. 

Fair  and  Jaffa  (1972)  considered  four  types  of 
disequilibrium  models  using  OtS  and  2SLS  methods,  and 
conducted  some  of  the  first  empirical  work  In  this  area. 

Pair  and  Kelejian  (1974)  expanded  on  the  work  of  Fair  and 
Jaffee  by  providing  a maxlmu.ii  likelihood  estimator  for  one  of 
the  models  outlined. 

In  later  papers,  Amemiya  (1974)  and  Haddala  and  Nelson 
(1974)  gave  the  correct  unconditional  likelihood  function  and 
statistical  techniques  for  multivariate  and  simultaneous 
equation  models,  including  disequilibrium  models.  Amemiya 
(1973)  showed  that  the  2SLS  estimator  is  consistent  but  not 
asymptotically  efficient,  while  the  new  variant  proposed  by 
Fair  and  Jaffee  is  not  consistent. 


1$ 

All  o€  the  techniqaes  mentioned  abo'^e  wete  developed  for 
models  in  which  the  dependent  variable  has  either  an  opper  or 
lower  limit.  In  futures  markets,  the  price  has  both  an  upper 
limit  and  a lower  limit,  requiring  an  estimation  technique 
which  Is  somewhat  different  from  those  above.  ?or  the 
reduced  form  of  the  supply  and  demand  equations,  when  the 
price  is  regressed  against  the  exogenous  variables  in  the 
model,  the  likelihood  function  most  reflect  both  the  upper 
and  lower  limits.  Therefore,  while  all  of  the  preceding  work 
dealt  with  models  similar  to  the  one  being  studied,  none  of 
the  likelihood  functions  discussed  is  appropriate  for  the 
model  being  studied. 

The  first  work  done  for  models  in  which  the  dependent 
variable  has  both  upper  and  lower  limits  was  by  Rossett  and 
Nelson  (1975),  who  defined  the  correct  likelihood  function  to 
be  used  In  probit  analysis.  Flshe  and  Lahlri  (1931)  make  use 
of  e likelihood  function  which  reflects  both  upper  and  lower 
limits,  and  use  the  function  In  estimating  expectations  from 
survey  data. 

The  likelihood  function  necessary  to  reflect  the  price 
limits  in  futures  markets  is  described  in  detail  in  Chapter 


CHAPTER  III 

A HOOBL  OF  THE  DE.HAND  AMD  SUPPLY  OP 
IMTEREST  SATE  FUTURES  CONTRACTS 

A noHel  of  supply  of  and  demand  for  interest  cate 
futures  contracts  Is  developed  in  this  chapter.  The  model  Ls 
based  on  concepts  used  in  Stein's  worse  on  commodity  futures 
contracts  (1979).  with  adaptations  and  extensions  to  accommo- 
date the  specific  characteristics  of  interest  rate  futures 
contracts.  A firm's  uses  of  interest  rate  futures  ace  first 
discussed,  and  returns  and  standard  deviations  from  hedged 
and  unhedged  positions,  both  long  and  short,  are  derived. 

The  optimal  ratio  of  he-iged  to  unhedged  contracts  is  then 
considered  as  s portfolio  problem  of  minlraitlng  the  standard 
deviation  of  the  return  of  the  portfolio  for  a given  expected 
return  for  each  position.  Next,  the  net  demand  for  futures 
Is  calculated  as  the  demand  less  the  supply  by  hedgers.  Fin- 
ally, the  net  speculative  supply  of  futures  is  determined, 
yielding  a complete  model  of  supply  of  and  demand  for 
Interest  rate  futures. 

This  model  is  applied  to  futures  contracts  for  GNMA 
certificates. 

Ne  first  consider  the  uses  of  interest  rate  futures  for 
a hedging  firm.  A firm  may  require  a short  hedge  or  a long 
hedge,  depending  on  its  financial  regulramenta. 
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R Short  hedge  Involves  the  sele  of  futures  conttsots  and 
gives  some  protection  against  a rise  in  interest  rates. 

Firms  with  assets  (or  commitmencs  to  buy  such  assets  at  a 
fixed  price)  which  decline  with  rises  in  interest  rates,  and 
firms  with  future  requirements  to  borrow  funds  are  those  most 
likely  to  use  a short  hedge.  For  example,  a savings  and  loan 
association  may  have  a commitment  to  buy  mortgages  at  the 
current  GNMA  yield.  Hot  being  able  to  sell  a complete  pool 
until  a later  date,  they  wish  to  hedge  against  interest  rate 
rises  which  would  decrease  the  value  of  the  pool.  Exhibit  1 
shows  a short  hedge  which  would  protect  against  Interest  rate 

A long  hedge  involves  the  purchase  of  futures  contracts 
and  provides  some  protection  against  Interest  rate  decreases. 
A firm  wishing  to  lock  in  a lending  rate  may  attempt  to  do  so 
through  a long  hedge.  A savings  and  loan  association  with  a 
commitment  to  sell  mortgages  at  a fixed  price,  or  with  an 
anticipation  of  funds  to  Invest,  may  want  to  he  able  to  In- 
vest the  funds  later  at  rates  close  to  current  ones.  A long 
hedge  helps  in  the  effort  to  lock  in  the  current  rate. 

Exhibit  2 illustrates  such  a long  hedge. 

We  must  note  that  both  of  these  exhibits  are  examples  in 
which  the  basis,  defined  as  the  futures  price  minus  the  spot 
price,  was  constant  over  the  duration  of  the  position,  en- 
abling the  hedger  to  lock  in  the  current  rate  in  both  cases. 
Since  both  prices  moved  by  the  same  amount,  the  loss  in  the 


^ SHORT  HEDGE 


oomitilts  SI  mil- 
lion at  tha  current 
GNMA  yield  of  8.3%. 
Price  - 35  3/32 

• S950,937.50 


contracts  for  delivery 
in  June. 

Price  = 95  3/32 

- 5950,937.50 


April  Company  completes 

pool  and  sells 


yield  of 


92  22/32 
5926,875.00 


HEDGE 


delivery  in  September. 
Price  = 95  14/32 

• S9S4,375.00 


> 5960.000.00 


The  yield  6alls  to 
St  and  the  company 
buys  in  GNMA' s. 
Price  » 99  21/32 

• 5996,562.50 


Company  closes  its 
futures  position  by 
selling  10  GNMA  con- 
tracts for  September 

Price  = 99  3/32 

- 5990,937.50 


spot  position  was  exactly  offset  by  the  gain  in  the  futures 
position.  There  is,  however,  no  guarantee  that  the  basis 
will  remain  constant.  Por  example,  as  the  time  to  maturity 
of  the  futures  contract  decreases,  the  futures  price  should 
approach  the  spot  price,  since  the  futures  price  must  equal 
the  spot  price  at  the  maturity  date.  When  the  futures  price 
is  below  the  spot  price,  as  in  our  exhibits,  the  basis  would 
increase  (become  less  negative)  over  time  and  the  long  hedger 
would  gain  while  the  short  hedger  would  lose. 

Me  can  now  specify  the  returns  for  the  long  and  short 
hedger,  summarized  in  Tables  3-1  and  3-1.  We  shall  use  the 
following  notations 

P(t)  * price  at  time  t of  futures  contract  maturing  at 

s(t)  • spot  price  of  security  at  time  t 

b(tl  • basis  * p(t)  - s(t) 


X w ratio  of  hedged  to  unhedged  securities 
T * a point  in  time  between  t and  T 
C * coupon  payment  from  time  t to  t per  security. 
r(t)  » repurchase  rate  per  time  t to  which 

is  the  rate  at  which  the  firm  could  borrow  money 
to  Invest  in  securities 
h • expected  return  from  the  hedged  position 
u * expected  return  from  the  unhedged  position 
r ■ correlation  coefficient  between  pit)  and  8[t) 
a « correlation  coefficient  between  the  hedged  and 
unhedged  returns. 


HEOGeS 
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The  variables  9(tl,  s(t),  and  b(t)  ace  random  variables  until 
time  t.  All  of  the  following  analysis  is  for  a futures  con- 
tract maturing  at  time  T,  where  t < r < T. 

From  Table  3-1,  we  can  write  a general  expression  for 
the  net  return  from  time  t tot  per  Salt)  of  the  asset,  where 
X/C1  ‘t  X)  of  the  assets  (or  commitments}  are  hedged,  as 

s(-)  - s(t)  n [p(t)  - pet)]  • x/(l  * X) 

* (C  - r(t)  • s(t)]  (1) 

for  a short  hedge,  and  as 

s(t)  - S(T)  + [p(T)  - pit))  • x/(l  + X) 

- tc  - r(c)  • 3(t)!  (2) 

for  a long  hedge. 

Having  determined  the  expected  returns  and  standard 
deviations  for  the  hedged  and  unhedged  positions  in  Tables 
3-1  and  3-2,  we  may  now  consider  the  optimal  ratio,  x,  for 
the  long  or  short  hedger  as  a portfolio  decision.  He  will 
not  discuss  hsre  the  manner  in  which  Che  firm  determines  the 
total  amount  of  securities  to  hold  (or  sell).  The  expected 
returns  have  been  written  as  returns  per  s(t)  dollars  of 
investment  (or  sale]  on  the  assumption  of  large,  well  func- 
tioning markets  in  which  Che  firm  cannot  affect  the  futures 
or  spot  price.  The  firm  can  therefore  determine  its  optimal 
ratio  of  hedged  to  unhedged  assets  independently  of  its 


operating  decisions.  It  can  then  jse  this  infortiatlon  i 
forcDlng  eicpectations  of  the  price  of  its  assets  (or 
Xiabllltles)  for  its  operating  decisions. 

We  first  consider  the  optical  ratio  x for  the  short 
hedger,  let  E),  and  £„  be  the  fractions  of  the  total 
Investtient  placed  In  hedged  and  unhedged  positions, 
respectively.  Then 


In  the  analysis  which  follows,  we  standardize  s(t]  at 
Sl.no  in  order  to  define  all  returns  as  net  rate  of  return 
per  dollar.  Alternatively,  we  could  have  adjusted  by  using 
h/s . u/s.  and  dj^/s  and  Cj/s  . obtaining  the  same 
results  in  the  analysis. 

We  consider  a portfolio  containing  the  hedged  and 
unhedged  positions,  plus  a risk-free  asset  with  a rate  of 
return  of  i percent.  A portfolio  of  the  riek-free  asset  and 
the  two  positions  has  an  expected  rate  of  return.  Ep.  of 


Bp  * Bfi 


Ep  - i + Bhth  - i)  + Sytu  - i)  (4) 

and.  letting^  denote  the  portfolio  variance  (noting  that 
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the  capital  latter  ajbacript  diatin<jji3hes  it  Cron  the 
variance  of  the  futures  price), 

"p  - Bt,5h  + Sl“u  + 2ShSu®uh  (5) 


The  firm  attempts  to  select  a portfolio  with  the  nlninun 
standard  deviation  for  a given  expectad  return.  The  problem 
nay  be  stated  as 

nin  Op  = (85,0^  w 
subject  to 


The  Lagrangian  is  therefore 

L . Op  - lt(3p  - i)  t Ehl*'  - il 

* Bylu  - ill.  (71 

At  the  optlnun  traction,  the  following  conditions 
hold: 


i(h  - 
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Vz  (ZSjO^h  ^ -^(h-i)  (9) 

‘A  (2Eu  o*y  + 2Ej,Ojh)®p  = J (u  - i)  (9) 

Dividing  equation  (8)  by  (9)  results  In  a ratio  of  escess 
hedged  to  escess  unhedged  returns,  given  by 

(h  - i)  E;,  Oh  * Sj"jh 
(b  - 1)’  6a  * Bh^uh 

But,  since  we  have  defined  x by  the  expression 


then,  we  can  rewrite  equation  (10)  as 


(h  - i)  = xo^  + 0,, 


Multiplying  both  sides  of  (11)  by  ’u/’h  ylsl^ls  the 
following  ratio  of  excess  returns  at  the  optimum 


(u  - i)  /a^ 
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The  ratio  of  excess  hedged  return  pec  unit  of  Its  standard 
deviation  to  excess  unhedged  return  per  unit  of  its  standard 
deviation  at  the  optimum,  y.  Is  given  by  (12).  Solving  for  i 
from  (12)  and  using  y,  given  in  (13),  we  find  the  optimal 
ratio  of  short  hedged  to  unhedged  assets,  x‘,  for  a given 
expected  return; 

x'  “ (y  - 0)  ( 1 4) 

(1  - yp)  Ojj 

This  X*  is  the  ratio  of  Sf,/Kj  all  along  the  line  iH3  in 

Now,  the  correlation  coefficient  between  the  hedged  and 
unhedged  returns,  p , Is  defined  as 


But,  using  the  information  for  Table  3-2,  c can 
be  written  as 


0 uh  - b(t) 


■ Obs 


b(t)  - S(b(t)  - b(T)I){  s(T)  - s(t) 
Ets(T)  - s(t)]  ) 


The  covariance  between  the  hedged  and  unhedged  returns  is 
equal  to  the  covariance  between  the  spot  price  end  the  basis. 
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If  the  fjtutee  price  moves  exactly  as  the  spot  price  Chen  the 
basis  would  be  a constant,  the  covariance  between  Che  basis 
and  the  spot  price  would  be  equal  to  lero,  and  the 
correlation  coefficient,  o,  would  also  equal  zero.  Under  the 
assumption  that  0=  o',  (H)  becomes 

=(h  - i)/(u  - 1)  fo’/o^)  (17) 

Referring  to  (16),  can  also  be  written  as 


•Based  on  the  sample  years  of  1976  to  1978,  the 
covariance  between  the  basis  and  the  spot  was  close  to  zero 
for  each  contract  studied.  These  statistics  are  contained  in 
Table  4-3. 


PIGORfi  1 

PORTFOLIOS  OF  SSOGEO  TO  UHHBOGED  SECURITIES 

HecB,  a represents  the  unhedged  position  o£  inuentotles  of 
financial  securities  alone,  and  h represents  the  hedged 


If  ; is  approxlnatsly  egual  - 
approximately  aero,  and  (13) 
approximation*  as 


, substituting  (19)  into  (20)  and  (21)  gives 


substituting  (22)  and  (23)  j 
x'  = [(n  - i)/(u  - i)  (I 


Prom  (24),  we  can  see  that  the  ratio  of  hedged  to  unhedged 
assets  for  the  short  hedger  is  positively  related  to  the 
ratio  of  the  excess  hedged  to  excess  unhedged  returns, 

(h  - l)/(u  - i). 

For  a given  optimal  ratio  of  hedged  to  unhedged  assets, 
x’,  the  short  hedger  will  decrease  the  number  of  futures  sold 
with  decreases  in  mortgages  held  or  forward  commitments  to 
buy  such  mortgages.  In  addition,  a decrease  in  the  value  of 


= E[b(Tll  - bio  - [C  - 


■ iii!!  ■ 


If  Che 


1 [C  - r(t)  -Sft)!,  and  c)  an  i 


Ot"  + 6_^{S[b(T)l  - h(t)>  tC  - r(tl 

■ eft))  Uifc)  - Ajft)) 


aggMjacs  amount  of  forward  aalss  of 
mortgages  plus  expected  oash  inflows  to  be 
invested. 

Speculators 

We  now  turn  to  speculator  activity  to  determine  the 
factors  which  affect  the  net  supply  of  futures  contracts. 
Speculators  purchase  ot  sell  futures  contracts  to  take 
advantage  of  differences  between  the  expected  futures  price 
to  prevail  at  a later  date  and  the  current  futures  price.  As 
previously  outlined,  we  will  follow  Stein's  reasoning  that 
most  large  speculators  act  In  a risk-averse  manner  to  attract 
capital  for  investment.  We  shall  use  the  first  three  terms 
of  a Taylor  series  expansion  of  a general  utility  function, 
omitting  the  fourth  and  subsequent  terms  as  they  are  close  to 
zero.  This  function  approximates  rislc-averse  behavior, 
net  A^it)  - the  speculating  firm's  Initial  wealth  position 

k ® the  number  of  futures  contrects  sold  [positive 
or  bought  (negative). 

So  [p(t)  - p(t11  • k is  the  speculator’s  profit  from 
holding  the  short  position  of  k contracts  from  time  t«  to  ' . 
He  write  the  utility  function  as 

n(Ag  + [p(tl  - ptT) ! • k)  - U(Aq)  + U'  (A^)  Cp(t)  - p(T)l 
•k  * iT-(^)  tpftl  - p(T):“-  k^  (36) 
The  speculator  will  maximise  the  expected  utility  ot 
wealth,  which  we  can  write  as 
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S(U1  = U(A^)  ♦ L"  (A^)E(p(t)  - P(t)1 

■ * U'(A.)E[plt)  - p(t)1*  • (29) 


Etp(t)  - p(T)]  - Op  + IPtt)  - Etp(Tlll^  (30) 

ws  csn  write  (24)  as 


S(U)  - 0(Ag)  + U' (Ag)Blp(t)  - ?(t)) 

• X ^lL:^)lt«{  o = p * [p(t) 

- B(p(t)J!M  (31) 


The  first  order  condition  gives  the  optimal  which  is 


kO  - -»'(A.)  tp(t)  - EP(T)]] (32) 

""<Ao’^®^p  * ■ EtP'T))]*) 

The  change  in  the  optimal  number  of  contracts  sold  when 
Ap  increases  Is  found  from  the  espresslon 

iK°  = _5 r-U'  (Ap)1  . [p(t)  - Ep(t)1  (33) 

4Aq  JAp  Lu"(Ap)J  <o*p  + rp(t)  - E[p(t)]I’) 


We  niust  asea'ne  that  speculators  will  only  sell  contracts  when 
they  believe  that  p(t)  > If  speculators 

exhibit  ^ecceasin^  absolute  risk  aversion,  then 


and  its  Inverse  is  greater  than  zero,  malting  (33)  greater 
than  zero.  Short  speculators  will  Increase  their  supply  of 
futures  when  their  initial  asset  bases  increase. 

It  is  possible  to  observe  speculators  buying  contracts 
while  others  sell  them.  These  long  speculators  are  operating 
under  the  expectation  that  per)  will  be  greater  than  p(t). 

In  order  to  describe  their  behavior,  the  previous  analysis 
can  bs  repeated,  replacing  {p(tl  - S[?(t)]  ! with 
(Elpli)l  - pit)}  . We  would  again  arrive  at  aquation  (33), 
with  the  change  mentioned.  Our  conclusion  is  that  long 
speculators  will  also  increase  demand  for  futures  contracts 
as  their  initial  asset  bases  increase.  However,  If  there  are 
more  speculators  short  than  long,  we  should  expect  net  sup- 
ply to  increase  when  Che  aggregate  Initial  wealth  base 
increases. 

The  effect  on  the  supply  from  an  increase  in  the 
expected  return  per  contract,  [p(t)  - E(p(r)]I,  Is  found  from 


expression 


i 


S [pttl  - Etp(TH] 


!p(t)  - E(p(t11J 


®'p  + Ipit)  - Efp(T)Jl 


The  sign  of  (35)  depends  on  the  sign  of  [a’  - [p(t) 

- 2[p(  t)1  1 M . If  ® p Is  less  than  (p(tl  - ECP(^  )1 ),  then  an 
Inccease  In  expected  profit  pec  contract  will  decrease  the 


supply  of  futures  by  speculators.  If 


rp(t)  - Sp(T)j]  , then  an  increase  in  expected  profit  will 
Increase  supply,  we  Illustrate  this  result  with  the  use  of 
the  graphs  In  figures  2 and  3.  We  consider  the  simplest  case 
of  investing  a fraction  of  each  investment  dollar  In  the 
riskless  asset  and  the  rest  in  futures.  Suppose  that  we  put 
up  100  percent  margin  on  the  sales.  If  the  complete  dollar 
is  invested  in  the  riskless  asset,  the  net  rate  of  return 
from  tine  t to  i is  1,  represented  by  point  i on  the  graphs. 
If  the  whole  dollar  is  invested  in  the  short  futures  position 
(1/p(t)  of  a contract),  the  net  expected  cate  of  return  is 
<p(t)  - E[p(T) )) /p(c) , and  the  standard  deviation  is 

• First,  let  this  point  be  represented  by  X on  the 
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gcajh  In  Figure  2.  The  feasible  set  of  portfolios  formed  by 
investing  tor  borrowingt  at  the  riskless  rate,  1,  and 
investing  in  futures  for  a total  net  Investment  of  Sl.flO  is  a 
straight  line  from  I through  X.  Movement  along  the  line  from 
i represents  an  increased  traction  of  each  dollar  placed  in 
the  futures  position.  Me  can  superimpose  the  speculator's 
Indifference  curves  on  the  graph,  shown  here  as  curves  I,  II, 
and  III.  The  speculator's  optimal  position  is  determined  by 
the  point  of  tangency  of  his  indifference  curves  to  the  line 
iXA,  say  at  rCi . Me  now  consider  the  effect  on  the  futures 
position  held  of  an  increase  In  the  expected  return  from  a 
futures  contract,  l.e.,  an  increase  in  ;p(t)  - E(p(T)l>  . We 
consider  two  new  expected  returns—one  et  y and  one  at  2 in 
Figure  3 — and  examine  the  effects  of  these  increases  in 
expected  return  on  the  fraction  of  each  Investment  dollar 
placed  in  futures.  Suppose,  first,  that  Y is  the  point  where 
{pitj-81p(T)])=Op.  We  recall  that  this  is  an  important 
point.  For  points  above  Y,  o p < ( p( t)  - K ip{ t ) ] } , and  an 
increase  in  the  expected  return  will  decrease  the  number  of 
futures  contracts  sold.  For  points  below  Y,  the  reverse  is 

We  first  examine  the  effect  of  an  increase  in  expected 
return  from  X to  Y.  Since  X is  below  Y,  the  increase  causes 
an  increase  in  the  number  of  futures  contracts  sold.  Turning 
to  the  graph,  we  see  that  the  increase  from  X to  Y shifts  the 
feasible  set  from  iXA  to  lYS.  The  new  point  of  tangency  to 
the  difference  curves  is  at  S2'  4®*  lhat  the 
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PISURE  2 

FEASIBLE  PORTFOLIOS  OF  FUTURES 
PLUS  A RISKLESS  ASSET 
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PIGORE  3 

PBASIBtS  PORTFOLIOS  OP  PUTURES 
PLUS  A RISXLSSS  ASSET 


shift  Is  in  Che  direction  of  an  increased  short  futures  posi- 
tion for  a given  net  invesccnenC;  represented  less  chan 
100  percent  of  each  dollar  short  in  futures,  while  K2 
represents  more  than  100  percent  (with  the  rest  from  borrow- 
ing! short  in  futures,  since  it  is  to  the  right  of  the  point 
Y.  My  further  increase  in  the  expected  return  from  futures, 
say  from  Y and  Z,  will  have  the  opposite  effect.  The  feasi- 
ble set  now  shifts  to  ISC  In  Figure  3,  with  the  new  point  of 
tangency  to  indifference  curve  III  at  K3.  Since  this  point 
Is  to  the  right  of  z,  the  speculator  has  returned  to  a posi- 
tion of  less  than  100  percent  of  his  net  investment  in 
futures.  Of  course,  the  effect  of  a direct  increase  from  X 

The  fact  that  an  increase  in  Che  expected  rate  of  return 
from  futures  contracts  may  have  two  opposite  effects,  depend- 
ing on  the  initial  position  can  be  attributed  to  the  differ- 
ing relative  magnitudes  of  income  and  substitution  effects  at 
different  points  on  the  graph.  We  note  first  that  an  in- 
crease in  the  expected  rate  of  return  from  futures  is  equiva- 
lent to  a decrease  in  the  expected  futures  price,  since  it 
then  costs  less  to  obtain  the  same  expected  future  consump- 
tion from  the  short  position.  The  substitution  effect  is,  of 
course,  always  negative,  and  an  increased  expected  rate  of 
return  will  cause  an  increase  in  the  short  futures  position 
on  the  compensated  demand  curve.  However,  in  situations 
where  {p[t)  - > Op  (and  perhaps  elsewhere!,  the 

income  effect  is  positive.  Here,  it  is  posltivs  enough  to 
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overcome  the  substitjtion  effect  and  to  result  In  a decrease 
in  futures  contracts  sold  when  the  expected  return 
Increases. 

We  note  here  that  the  decreased  number  of  futures 
contracts  sold  with  an  increased  expected  return  does  not  im- 
ply a lower  total  expected  return  to  the  speculator.  In 
fact,  it  is  evident  from  figure  3 that  the  speculator  may 
easily  end  up  with  a higher  expected  return  after  decreasing 
his  futures  position.  So,  while  one  might  be  led  to  say  that 
futures  contracts  are  an  inferior  good,  we  cannot  draw  the 
same  conclusion  about  the  expected  future  income  which  these 
contracts  provide.  Thus,  the  foregoing  results  are  not  as 
surprising  as  they  might  first  seem. 

Results  from  our  sample  would  suggest  that  ^p  > {p(t)  - 
indicating  that  an  increase  in  expected  profit 
should  increase  speculators'  net  supply  of  futures.  An 
aggregate  function  for  the  net  supply  of  futures  by  specula- 
tors can  now  be  written  based  on  the  preceding  analysis. 

We  can  now  summarize  the  model  which  has  been  developed. 
The  behavior  of  hedgers  was  first  examined,  resulting  in  a 
description  of  how  an  optimal  hedge  ratio  would  be  deter- 
mined. This  description  provided  the  determinants  of  ths  ag- 
gregate supply  function  were  derived  after  considering  how  e 


•From  Table  4-1,  we  see  that  the  sample  '□  ■ 2.958, 
while  on  average, {?( t)  - E[?{T)))  ■ .099  for  the  three  year 


typical  apecjlaCor  roaxl.iiizes  utility.  The  aggregate  supply 
and  demand  functions  are  repeated  below,  followed  by  the 
limicatlone  resulting  from  regulation  of  futures  markets  by 
the  cnc  (described  earlier). 

5c  - + 3^^{E[b(T)l  - b(t))  + - r(t)  • s(t)) 

* 

St  « 3^,  * - 2!Pf-)l)  ♦ 3,,Ao<t)  (36) 

Qt  - min(Dt  St'  (^’> 

I p(C)  - pit  - 1)1-  mind  p®(t)  - p(c  - t)  I,  L)  , (38) 

where  p®(t)  is  the  equilibrias  price  at  which  the  quantity 
of  futures  demanded  is  equal  to  the  quantity  supplied. 

He  may  ma)ce  statements  concerning  the  eigne  of  the 
coefficients  in  the  model  of  supply  and  demand — equations 
(35)  and  38).  The  alternate  hypotheses  contain  the  predic- 
tions of  the  signs  of  the  coefficients  based  on  the  model, 
tt  the  model  is  not  appropriate,  then  the  null  hypotheses 
should  be  appropriate.  We  list  the  sets  of  null  and  alter- 
nate hypotheses  as  followsi 

Alternate  Hypotheses  Null  Hypotheses 


CHAPTER  I'/ 

THE  SA.HPLE  AiJtJ  PRELIMINARY  RESULTS 

A description  of  the  sample  of  interest  rate  futures  and 
the  definitions  of  the  varieties  used  in  this  study  are  pre- 
sented in  this  chapter.  The  results  of  prellaiinary  tests  of 
the  hypotheses  are  also  discussed. 

The  Sample 

The  interest  rate  futures  contract  studied  is  the  con- 
tract specifying  delivery  of  the  Collateralised  Depository 
Receipt  for  GSHA's  described  in  Chapter  I,  which  has  been 
traded  at  the  Chicago  Hoard  of  Trade  since  October,  1975. 

The  74a  daily  observations  on  price  and  quantity  used  in  the 
current  study  cover  the  time  period  from  January  1,  1976, 
through  December  31,  1978,  the  first  three  calendar  years  in 
which  this  type  of  contract  existed. 

More  than  one  GNMA  futures  contract  exists  at  any  one 
time,  since  contracts  specifying  that  delivery  be  made  in 
different  months  do  exist  simultaneously.  At  any  given  time, 
there  are  usually  GNMA  futures  contracts  with  eight  or  more 
delivery  dates  actively  traded  at  the  Chicago  Hoard  of  Trade, 
of  which  any  one  delivery  dace  might  be  chosen  as  repre- 
sentative. It  contracts  with  one  delivery  date  were 


arbltr«ge  should  occur.  In  this  study,  the  3NMA  futures 
contract  chosen  for  a given  day  is  the  one  having  the  close 
delivery  date  without  being  in  the  month  of  the  date  of 
delivery.  For  example,  the  September  1977  contract  (the  co 
tract  which  specifies  delivery  In  Septe;teer  1977)  U chosen 
for  the  daily  observations  tor  June,  July,  and  August  of 
1977,  while  the  December  1977  contract  is  chosen  for  the 
dally  observations  in  September,  October,  and  November  of 
1977.  This  contract  consistently  has  one  of  the  two  highes 
volumes  of  sales  and  open  Interest  for  the  period  studied.* 
Thus  it  should  reflect  the  consensus  of  many  buyers  and 
sellers  of  GNNA  futures  contracts. 

Days  of  disequilibrium  are  defined  as  those  days  in 

limit  allowed  by  the  Commodity  Futures  Trading  Commission 
tor  the  day  and  closes  at  that  limit.  For  example.  If 
the  price  reaches  the  upper  limit  of  the  day  and  closes 
at  that  upper  limit,  that  day  is  a day  of  disequilibrium 
resulting  from  excess  demand.  If,  on  the  other  hand, 
the  price  reaches  the  upper  limit  and  falls  to  a lower 

•Information  on  volume  of  contracts  traded  was  taken 
from  the  Chicago  Board  of  Trade  Statistical  Annual  for  1976 
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sectl9n>«nt  price,  the  day  is  not  a Jay  of  dissquillbriLiji.  Of 
the  sa.nple  of  740  Jays,  the  price  ceacheJ  a lower  llrolt  on 
five  of  the  days,  and  an  upper  Unit  on  three  of  the  days. 
Definition  of  '/ariaoles 

2t.  The  number  of  Eutures  concracta  traded  during  Jay 
t tor  the  contract  being  studied  is  represented  by  3^.  If 
the  price  closes  at  the  upper  limit  on  day  t,  the 
transactions  are  assumed  to  represent  the  supply  at  that 
price,  since  there  will  be  excess  demand.  If  the  price 
closes  at  the  lower  limit,  the  transactions  are  assumed  to 
represent  the  demand  at  that  price,  since  there  will  be 
excess  supply.  Oj  is  assumed  to  be  the  equilibrium 
quantity  on  all  other  days.  The  data  for  are  published 
in  the  yearly  Chicago  Board  of  Trade  Statistical  ftnnual. 

p(t) • The  last  price  for  day  t for  the  contract  being 
studied  is  represented  by  p(t).  These  prices  are  obtained 
from  the  Chicago  Board  of  Trade  Statistical  Annual. 

8( tl . Because  the  futures  contract  studied  is  that 
which  calls  for  delivery  of  the  equivalent  of  GNMA  certifi- 
cates with  8 percent  Interest,  the  spot  price  for  day  t, 
s(tl.  Is  the  price  of  GNMA  8 percent  certificates.  Neither 
the  bid  price  nor  the  asked  price  would  apply  exclusively  to 
either  hedgers  or  speculators,  since  both  groups  of  traders 
contain  both  buyers  and  sellers.  The  spot  price,  s(t),  is 
therefore  computed  as  the  average  of  the  bid  and  asked 
prices,  as  quoted  in  the  Wall  Street  Journal  for  day  t. 


defined  In  Chapter 


horlson  of  the  firm  or  the  individjal  hed9er  or  specjlator. 
Any  of  these  traders  may  have  relatively  long  periods  over 
which  to  Invest,  but  all  would  continue  to  monitor  daily 
price  movements  in  order  to  reevaluate  decisions  to  hold 
positions.  Tnerefora,  even  if  traders  plan  to  hold  positions 
in  a contract  over  several  months,  the  proper  time  horlson 
over  which  they  make  decisions  to  buy  and  sell  Is  one  day. 

The  time  horizon,  't  , is  therefore  defined  as  ftti). 

Bi8( T)  1 . This  variable  represents  the  spot  price  which 
is  expected  to  prevail  at  day  t,  where  T » t + 1.  Two  basic 
techniques  were  considered  before  choosing  a method  to  mea- 
sure market  expectations  of  subsequent  prices.  The  first 
technique  involves  the  use  of  distributed  lags,  as  suggested 
by  Almon  (1985)  and  others.  In  the  context  of  this  study,  a 
distributed  lag  of  spot  prices  night  be  used  in  a regression 
for  the  expected  spot  price  at  day  (t  + 1).  This  could  be 

E[a(t  ♦ 1)1  . eoslt)  * 6,a(t  - 1)  + ...♦  e^a(t  - n)  (D 
where  the  S's  follow  a polynomial,  such  as 
® i " “o  * “1 1 * 

The  use  of  a distributed  lag  model  to  represent  expected 
prices  would  be  plausible  if  investors  form  expectations 
not  only  on  the  current 


occurred  In  the  recent  past.  Implications  of  using  this 
itodel  are  that  prices  follow  a discernible  pattern  over  time, 
that  investors  know  the  pattern  well  enough  to  make  predic- 
tions, and  that  pattern  is  given  hy  a well-defined  function 
such  as  the  one  above.  While  the  distributed  lag  is  some- 
times used  as  a measure  of  espectations  of  different  vari- 
ables, there  ace  several  limitations  associated  with  its  use. 
Aa  Haddala  (T9I7)  has  indicated,  there  is  no  way  of  knowing 
how  long  the  lag  should  extend,  and  it  is  not  even  possible 
to  test  for  the  presence  of  any  lag.  Furthermore,  there  Is 
no  economic  theory  to  indicate  that  the  spot  price  of  GNMA 
certificates  should  follow  ary  such  pattern,  nistclbuted  lag 
models  were  therefore  rejected  as  being  inappropriate  for 
this  study. 

The  technique  which  was  chosen  to  measure  the  expected 
spot  price  Is  a more  simple  prediction  model  of  the  autore- 
gressive type.  If  the  current  spot  price  reflects  all 
publicly  available  Information  relevant  to  the  pricing  of 
GNMA  certificates,  then  the  current  spot  price  should  be  the 
best  predictor  of  the  next  day's  spot  price.  Based  on  this 
hypothesis,  a prediction  model  was  formulated  as 

St3(t  + Til  • Uq  (2) 

The  values  of  Og  and  were  estimated  by  regressing  s{t] 
on  s[t  - 11,  and  substituting  the  ordinary  least  squares 


^?LS)  estiiQat^s  of  for  and  in  aquation 

{2).  The  predictions  vere  than  niedsured  as 

a(s(t  t ni  - ^0  * 5lS(t)  . (3) 

The  estimates  ford,,  and  >1  are  given  in  equation  (i). 
Standard  errors  of  the  estimates  are  presented  In  paren- 

s(t)  a -0.0519  + 1.0004a(t  - 1),  S^-  0.993S 

(0.2364)  (0.0029)  OH  - 2.1563  (4) 

Kaddaia  (1977)  discusses  Theil's  (1966)  statistics  which  give 
a measure  of  the  accuracy  of  a prediction  model  such  as  the 
one  in  equation  (3).  They  ace 


(5) 


(6) 


A.  represents  Che  actual  spot  price  on  day  C and  pj 
represents  spot  price  for  day  t as  predicted  by  equation  (3), 
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(B) 

Pt  ' l?t  - . (9) 

SprSg  = the  standard  deviations  of  o and  a , IIO) 

USE  = the  aiean  square  error  = l/nKp^  - a,)2  , (nj 
t-1 

r = Che  correlation  between  p and  a,  (12) 

and  p and  a are  the  sample  means  of  p and  a,  respect- 
tiuely.  Of  the  above  statistics,  and  u®  give  the  most 
Information  about  the  accuracy  of  the  prediction  model.  The 
bias  proportion  of  the  mean  square  error,  o^,  Is  a measure 
of  the  magnitude  of  the  difference  between  the  average  ore- 
dieted  and  the  average  actual  changes  in  the  variable.  The 
bias  proportion  would  equal  zero  if  the  mean  of  the  actual 
change  were  equal  to  the  mean  of  the  predicted  change.  The 
regression  proportion  of  the  mean  square  error,  u^,  gives 
a measure  of  the  difference  in  the  dispersions  of  the  actual 
and  the  predicted  changes.  The  statistic  u®  would  increase 
with  an  increase  in  the  difference  between  the  standard 
deviation  of  aj.  and  p^,  or  a decrease  in  the  correlation 
between  them.  If  a^  and  had  the  same  standard 
deviations  and  were  perfectly  positively  correlated, 
would  equal  zero.  If  both  u’’  and  u”  are  close  to  zero, 
the  predicted  changes  are  close  to  the  actual  changes  in 
terms  of  mean,  standard  deviation,  and  correlation,  and  the 


prediction  model  Is  ^glte 


cese  there 


no  systematic  over-  or  uader-predlction  o£  the  change,  and 
the  variance  of  the  predicted  and  actual  changes  are  close  in 
magnitude.  One  way  to  measura  the  statistics  in  (5),  (6), 
and  (7)  is  to  exa:alne  the  results  of  the  regression  of  the 
actual  variables  on  the  corresponding  predictions.  In  this 
case,  we  let  BIs(t  t 1)1  be  represented  by  Pj  and  the 
actual  spot  price  on  day  t,  8(t),  be  represented  by  Af 
The  variable  Ai-  is  then  regressed  on  P^,  written  as 


The  ordinary  least  squares  estimates,  6^  and  provide 

information  about  u*^  and  u^.  First,  if  » 1,  then 
u'*  • 0.  Equation  (13)  can  be  rewritten  by  dividing  through 
by  Aj.i  as 

= «,_L  + - *t-l 

S-1  *t-l  \-l 


From  (14),  the  OLS  estimate  of  is 


(IS)  indicates 
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13o  ■ ■ 0,  the  ragceafilofi  proportion,  u^, 

is  equal  to  taro. 

Seturning  to  the  OLS  astlnate  of  we  shall  see  that 

l£  -a  • 0 an3  !,»  1,  then  a"^  ■ 3.  Prom  M-i),  the  OLS 
estimate  of  - g Is 

^ '21) 


If  ^o 


Prom  122)  anJ  ( 23) , we  see  that  when  ^ g ■ 0 and  • 1 , that 
{p  - a)2  * 0 and  the  bias  proportion,  given  by  equation 
(5),  is  equal  to  zero. 

The  regression  in  (13)  was  run  In  order  to  have  some 
idea  of  the  u^  and  u^  for  the  prediction  model  for 
B!s(t  - 1)!.  The  OLS  estimates  are  given  below,  with  the 


57 


standard  errors  of  the  estimates  la  parentheses. 

ht  * 2.879  X IQ-'O  * I.DOOPt  <2-t) 

<0.2S2)  (0.003) 

It  is  clear  from  (241  that  !g  is  not  significantly  dif- 
ferent from  zero,  and  : is  not  significantly  different  from 
one  at  the  99%  level  of  confidence.  Indicating  that  both  o’* 
and  are  approximately  equal  to  zero  for  the  model.  It 
was  therefore  concluded  that  the  prediction  model  for  B[s(t  - 
1)]  using  the  xg  and  a given  by  (4)  is  relatively  accu- 
rate, based  on  the  criteria  of  small  bias  and  regression 
proportions.  The  variable  of  E(s(t  + IJ]  is  thus  measured  as 

2[S(t  + D!  - -0.0519  I.0004slt) 

E[p(t)l . The  futures  contract  price  which  traders 
expect  to  occur  on  day  t is  written  as  E[p(7)],  where  i = 

(t  + 1).  A prediction  model  of  an  autoregressive  form  was 
used  to  measure  E(p(  + 1)). 

There  are  conditions  under  which  E[p(t  + 1))  is  greater 
than  p(t)  by  a given  amount.  The  relationship  between  p(t) 
and  e(t)  will  first  be  developed  and  then  used  to  find  the 
expected  price  at  time  (t  + t)  of  the  futures  contract,  we 
consider  an  Investor  who  can  borrow  s(t)  dollars  at  a daily 
rate  of  i for  the  time  period  of  (T-tl.  with  the  money,  the 
investor  buys  a iINMA  certificate  at  price  s(t)  which  pays 
c • (T-t)  dollars  In  interest  over  time  period,  and  si.mul- 
taneously  sells  a futures  contract  for  p(t)  which  specifies 
delivery  at  time  T of  the  GWMA  certificate  being  held.  At 


time  Tt  investor  can  deliver  the  certificate  on  the 
futures  contract  tor  the  price  of  p(t),  repaying  Che  loan 
with  Che  amount  s(t)[l  + i ■ (T-t)l.  Over  the  time  period 

money  invested  in  the  certificate  was  borrowed.  The  investor 
must  put  up  a snail  amount  of  margin  for  the  futures  contract 
with  the  broketf  but  the  opportunity  cost  of  the  margin  is 
negligible  because  interest-bearing  securities  can  be  u3ed« 
allowing  the  investor  to  earn  Interest  on  his  margin.  The 
cost  to  the  investor  at  time  T is  s(t)t7  + i • (T-t)I  and 
the  receipts  are  p(tj  and  c • (T-C).  The  investor  will 
therefore  compare  the  cost  with  the  receipts  at  time  T to  see 
If  there  is  an  opportunity  to  earn  a profit  on  a zero  net 
investment.  If  the  receipts  of  [pit)  + c{T-t)]  are  greater 
than  the  cost  of  !8(t)  + i • (T-t)  ■ s(tl)  at  time  T, 
that  Is  If 

p(t)  + c • (T-t)  > S(t)  * i • (T-t)  ■ a(t)  (26) 

then  the  investor  will  buy  the  G)(>(A  certificate  and  sell  the 
futures  contract  to  earn  the  profit  from  a zero  net  invest- 
ment. Investors  will  continue  to  arbitrage  in  thla  way  until 


the  inequality  in  (26)  no  longer  holds. 


Thace  is  an  al:ar-iati7«  sttacagy  which  investors  can 
follow  CO  earn  a profit  froiti  a taro  nat  investment  when  the 
inequality  in  [26)  is  reversed  to 

pit)  +c  • IT-t)  < s(c)  * I • (T-t)  • alt).  (2’> 

^t  time  t,  the  investor  .Takes  a loan  of  sit)  dollars  for  Che 
Cine  IT-t)  at  a daily  rate  of  i to  an  owner  of  a certificate, 
caking  the  certificate  as  collateral.  The  Investor  then 
sells  the  certificate  for  alt)  and  simultaneously  buys  a 
futures  contract  specifying  Che  delivery  of  a certificate  at 
Ci.me  T for  pit)  dollars.  Ac  time  T,  the  Investor  ta)tes  de- 
livery of  the  certificate,  paying  the  price  pit).  This 
certificate  Is  Chen  returned  to  the  original  owner,  who  pays 
off  the  loan  plus  interest  to  the  investor.  Finally,  the  in- 
vestor must  pay  the  original  owner  the  coupon  payments  of 
c • |T-t)  which  have  accrued  over  the  time  that  the 
certificate  was  being  held  as  collateral.  The  Investor  has 
had  no  investment  from  tine  t to  T,  since  the  loan  of  sit) 
dollars  was  covered  by  the  sit)  dollars  from  the  sale  of  the 
certificate.  At  time  T,  the  investor  receives  alt)  - i • 
|T-t)  • s(t)  from  the  repayment  of  the  loan,  and  pays  pit) 
for  the  certificate  to  be  returned  to  the  borrower,  plus 
c ' IT-t)  In  coupon  payments,  which  are  also  paid  to  the 
borrower.  If  |27)  holds,  then  the  Investor’s  receipts  are 
greater  than  the  payments,  and  he  has  earned  a profit  from  a 
zero  net  Investment.  .As  long  as  |27)  holds  investors  will 
continue  to  follow  this  strategy,  driving  down  the  price  sit) 


3olt1  snd  driving  up  p(t) 


as  cartlficatss  are 
conccacCs  are  boug'al.  This  acbitrags  all 
inequality  in  {27}  no  longer  holds. 

Since  arbitrage  alll  co.ntinoe  until 
(27)  hold,  the  equiHbriu-n  relationship  u 
circumstances  is 


neithar 


3(C)  » I • iT-t)  • etc) , 


(28) 


p(C)  + [c  • (T-c)  - i • (T-c)  • s(t)]  - S(t).  (29) 

The  above  expression  can  be  rewritten  for  the  time 
(t+ll  , where  lt*l)  < T as 

pit  + 1)  + !C  • (T-(t  + I)  - i • (T  - (t  + 1) 

• sit  + 1)1  - 8(t  * I)  (301 

Taking  the  expected  value  of  (30),  we  get 

iii(?(t  + 1)1  + [c  • (T-t  - 1]  - i • (T-t  - 1) 

• 2[3(t  + 1)1!  =■  Et3(t  1)1  (31) 

Recalling  the  results  given  in  equation  (i),  we  use  the 
approximation 


Sis(t  * 1)1 


Sjbatitating  thi! 


(31),  ve 


S[?tt 


1)1 


[= 


!T-t  - 1) 


!T-t  - 1]  • s(e) 

(32) 


Subtracting  (29)  from  (32)  yleias 


Bfp{t  + 1)|  - p(t)  + [c 


(-1)  - i • (-1)  • s(t)] 

(33) 


2[?(t  + 1)1  - p(t)  + (c  - i • s(t)l  (34) 

The  expected  futures  price  at  time  (t  t 1)  should  equal 
the  previous  day's  futijres  price  plus  the  day's  coupon 
payment,  c,  less  the  one  day's  cost  of  borrowing  the  money  to 
buy  the  security,  i.  Equation  (34)  was  used  to  formulate  a 
prediction  model  for  E[p{t  t 1)]. 

Elp(C  + 1)1  »So  + BiP(t)  + Sjtc-i  • s(t)l  (35) 

The  next  steps  in  formulating  and  evaluating  the  predic- 
tion model  for  Elp(t  * 1)]  are  identical  to  those  for  the 
prediction  model  tor  E(S(c  * 1)].  The  values  of  Sg,  Sj 
and  Sg  were  estimated  as  the  ordinary  least  squares 
estimates,  Bq,  3^  and  3 2 from  the  following 
regression; 


Pit)  - ^ * 8^p(c  - 1)  +3.  [c  - i • sit)!  + Uc 
The  eshirnates  ace  given  in  egjation  (37),  with  their  standard 
errors  given  in  parentheses. 

Pit)  » 0.9S87  * 0.999Qptt  - 1)  + 13.2in[c  - i • 3lt)l 
(0.4576)  (0.0054)  14.4108) 

R2  = -^^23  (37) 

These  ordinary  least  squares  estimates  were  then  sub- 
stituted in  Cor  8^,  6^,  and  Sj  in  (3S)  to  measure 
6[p(t  + 1)1. 

The  accuracy  of  this  prediction  model  was  then  tested 
using  the  techniques  described  for  the  E(s(t  + 1)]  prediction 
model.  The  actual  price,  p(t  + l),  was  regressed  on 
E[p(t  * 1)  as  given  by  equation  (35).  The  regression  can  be 


ftt  "'o  ♦ ♦ “t 

We  recall  from  the  discussion  of  srs(t  *■  1)1  that  the 
OLS,  1 Q and  1 , provide  infor.matlon  about  the  bias 
proportion  and  the  regression  proportion  of  the  mean  square 
error.  Specifically,  if  ' o * 0 'i  * '<  4*i®h  both 
the  bias  proportion  and  the  regression  proportion  are  zero 
and  the  prediction  model  is  quite  accurate. 
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The  regression  in  {38)  resulted  in  the  OLS  estimates, 
and  1 , given  in  (39),  with  the  standard  errors  oC  the 
estimates  given  in  parenthesis. 

h,  . 1.7376  « lO-'l  + 1.00D  p,  (39) 

(0.3098)  (0.0032) 

From  the  results  given  in  (39),  we  see  that  'q  is  not 
significantly  different  from  zero  and  i is  not  significantly 
different  from  1.0  at  the  99%  level  of  confidence,  tndicati.ng 
that  the  bias  and  regression  proportions  are  zero.  Based  on 
this  criteria,  the  prediction  model  is  assumed  to  be  quita 
accurate.  The  variable  E(p(c  * 1)1  Is  therefore  measured  as 

E[p(t  + 1JJ  * 0.9587  + 9.9a9p[t) 

* 13.2111 (c  - i • s( t)l 

A,. [ t ) . The  variable  AQ(t)  represents  the  average 
size  of  the  asset  base  of  speculators  in  GNdA  contracts  at 
time  t.  A survey  by  Bobeon  (1978)  shows  that  the  largest 
proportion  of  speculators  who  are  classified  as  commercial 
traders  are  securities  dealers.  The  average  asset  size  of 
securities  dealer  firme  therefore  may  provide  a proxy  for  the 
asset  size  of  most  of  the  speculating  participants. 

The  trading  firm  which  speculates  in  GtlHA  futures  is  as- 
sumed to  contain  certain  dealers  who  perform  most  of  the 
speculative  trading.  At  the  same  time,  other  of  the  firm's 
dealers  are  assumed  to  trade  in  government  securities  such  as 
mortgages  and  Treasury  bills  and  Treasury  bonds.  Gains  or 
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losses  from  tcaiilmj  of  these  government  securities  will 
therefore  increase  or  <3ecreese  ths  size  of  the  asset  'case  it- 
self. As  proceeds  from  trades  ara  reinvested  In  securities, 
Che  dollar  value  of  the  Inventory  of  government  securities 
held  by  dealer  firms  should  reflect  the  size  of  their  asset 

Therefore,  Che  average  size  of  Che  asset  base  at  time  t 
for  speculators  was  estimated  as  the  daily  average  dollar 
value  of  United  States  government  securities  held  by 
securities  dealers.  The  par  value  of  the  dally  average 
dealer  position  for  each  month  of  the  time  period  studied  was 
taken  from  the  monthly  Federal  Reserve  Bulletin.  The  data 
are  listed  by  maturity  classification,  with  maturities  of 
less  than  one  year,  one  to  five  years,  five  to  ten  years,  and 
over  ten  years  for  the  government  securities.  United  States 
government  agency  security  positions  are  also  listed.  These 
data  were  used  in  conjunction  with  yields  and  price  quota- 
tions for  United  States  government  and  government  agency 
securities  to  estimate  the  daily  average  market  value  of 
dealer's  Inventories  of  all  such  securities,  In  order  to  do 
this  asclmacion,  a market  value  pec  unit  of  par  value  was 
first  derived  for  each  category. 

The  average  daily  market  value  of  aecuritles  maturing  in 
less  than  one  year  was  estimated  by  assuming  an  average  matur- 
ity of  six  months  and  then  applying  Che  average  six  month 
yield  for  each  week  to  the  corresponding  average  daily  par 
securities.  The  everage  yield  for  six  month 


obcaine^ 


M the  Federal  Reserve  Bulletin, 


■ihich  lists  the  average  of  the  closing  bid  yields  for  slx- 
foonth  Treasjcy  Bills,  for  each  veek  of  the  period.  The 
average  dally  diar’tet  valae  for  such  securities  for  each  week 
was  then  found  by  applying  the  formula  of 

M.v.  = p.v.  (l-y)  (43) 

where  M.V.  » average  dally  market  value 
P.V.  » average  dally  par  value 

y • average  bid  yield,  as  guoced  In  the  Federal 
Reserve  Bulletin. 

The  average  dally  market  values  of  government  and 
government  agency  securities  with  longer  maturities  were 
derived  in  a different  manner.  For  these  securities,  price 
guotatlons  were  collected  from  the  wall  Street  Journal  for 
Wednesday's  trading  of  each  week  (unless  the  markets  were 
closed  on  that  day,  in  which  case  the  quotations  for  Thursday 
were  used).  These  price  quotations  were  divided  into  groups 
by  the  categories  previously  described,  within  each  group, 
all  bid  quotations  listed  in  the  Wall  Street  Journal  were 
added  and  averaged.  The  resulting  figures  represented,  for 
each  category,  the  average  bid  price  on  that  day  for  all 
outstanding  securities  in  the  category.  Fach  average  bid 
price  was  then  used  as  the  daily  average  over  the  week  for 
the  category.  The  average  dally  market  value  for  the  week 


for  each  category  ^as  then  calcjlated  by  using  the  forraula 
of 


where  H.V.L.  ~ average  daily  ;(iarket  value  of  securities 
within  a specified  category 
p.V.L.  • average  daily  par  value  of  the  securities 

within  the  specified  category  which  were  held 
by  dealers 

3.3.  * average  bid  price  for  all  securities  listed  in 

the  Wall  Street  Journal  within  the  specified 
category. 

Por  a given  week,  the  resulting  market  values  for  each  cate- 
gory were  added  together,  and  the  total  was  used  as  the 
average  daily  size  of  the  asset  base  of  the  speculators  for 

Ai  ( t) . This  variable  represents  new  mortgagee  and  the 
increase  in  outstanding  commitments  to  borrowers  over  the 
previous  period. 

Mortgage  banks  and  savings  and  loan  institutions  may 
sell  GNMA  futures  contracts  to  hedge  against  rises  in  in- 
terest rates  while  they  are  acguirlng  a pool  of  mortgages 
which  are  all  guaranteed  by  the  Federal  Housing  Authority  or 
the  Veterans  Administration.  Although  interest  rates  for  the 
mortgages  in  the  pool  have  already  been  negotiated,  GNMA  cer- 
tificates representing  shares  of  the  pool  cannot  be  sold 


acquisition  o£  the  pool  could  cause  a decline  ir 

sold,  thereby  resulting  in  a loss  to  the  institL 
selling  gmma  futures  contracts,  the  institution 
to  offset  such  a loss.  The  sire  of  the  pool  of 
which  has  not  already  been  sold  as  QN.hA  certific 
indication  of  the  number  of  futures  contracts  wt 


sold  as  a hedge  against  such  a loss  for  any  peri 
The  total  size  of  the  mortgage  pools  being 


rtgages 

1 could  be 


monthly  dollar  amount  of  mortgages  by  nortgage  banks  for 
buildings  of  one  to  four  units  plus  loans  closed  by  savings 

this  monthly  figure  was  added  the  increase  from  the  previous 

banks  and  savings  and  loan  institutions.  The  resulting 
figure  gives  the  monthly  net  Increase  In  commitments  and  new 

commitments  was  used  rather  than  the  total  commitments  for 

firm  may  make  a commitment  this  month  and  two  commitments 


loan  during  the  next  month,  then  counting 
three  commitments  would  be  a pa 


irtial  double 
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decrease  in  oonmlcments.  Therefore,  the  amount  of  loans  plus 
Che  increase  in  cojimltments  for  a .eonth  provides  the  net 
increase  of  such  financing. 

The  dollar  value  of  mortgages  rfhich  were  sold  during  a 
month  aa  GNMA  certificates  was  taken  from  The  Mortgage 
Banker,  which  lists  the  value  of  all  GNMA  certificates  issued 
during  each  month.  The  resulting  figure  tor  the  month  was 
subtracted  from  the  corresponding  net  increase  in  loans  and 
commitments,  yielding  a monthly  indication  of  Che  number  of 
futures  contracts  which  could  be  sold  to  hedge  against  the 
new  unsold  mortgage  pools. 

In  summary,  Ai(t)  is  a monthly  figure  representing  the 
dollar  value  of  loans  closed  plus  increases  in  the  value  of 
outstanding  commitments  to  borrowers  for  mortgage  benks  and 
savings  and  loan  institutions,  minus  the  value  of  GtWA  certl- 

Av( tl . This  variable  represents  the  increase  in  for- 
ward sales  of  mortgages  over  the  month  plus  expected  cash  to 
be  invested  tor  the  next  quarter  by  financial  institutions. 

The  Increase  in  forward  sales  of  assets  is  measured  as 
the  monthly  increase  In  commitments  to  mortgage  banks  and 
savings  and  loan  institutions  from  investors.  This  monthly 
figure  is  found  in  The  Mortgage  Banker. 

Expected  levels  of  cash  were  measured  on  a quarterly 
basis  since  no  data  were  available  to  yield  a figure  for 
more  frequent  intervals.  The  data  used  were  based  on  fore- 
casts prepared  by  Chase  Econometrics.  For  each  month,  Che 
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forecasts  of  demand  deposits,  povecn.nent  iemand  deposits, 
oonsomec  time  deposits,  certificates  of  deposit,  and  ttirift 
deposits  for  the  following  quarter  were  added  together.  The 
resulting  figure  represents  the  forecast,  based  on 
information  available  during  that  month,  of  cash  which  could 
be  invested  over  the  .next  quarter.  Dndar  the  assumption  that 
financial  institutions  make  estimates  of  cash  levels  which 
are  based  on  the  same  information  as  that  available  to  Chase 
Sconometrics,  this  forecast  data  should  be  indicative  of 
firms'  expectations  about  subsequent  levels  of  cash  to  be 
Invested.  Thus,  the  monthly  figure  for  the  ^2(^1  variable 
is  composed  of  the  monthly  Chase  Sconometrio  forecast  of  the 
next  quarter's  deposits  plus  the  monthly  Increase  In 
commitments  from  Investors  to  .mortgage  banks  and  savings  and 
loan  institutions. 

b(t) . The  basis,  b(c),  is  defined  as  the  futures  price 
minus  the  spot  price  on  day  t.  So, 

b(t)  • ptt)  - s(t)  . (42) 

B!bl T) 1 . The  expected  basis  at  time  t,  where  r = (t+1) 
is  defined  aa  the  difference  between  the  expected  futures 
price  minus  the  expected  spot  price  at  time  (t+1).  So 

EIh(T)I  - Stp(r)l  - S[a(T)l  (43) 

where  Ser?{  )!  and  St3(  )]  are  measured  in  the  manner  already 
described. 


oecctficate  for  the  time  remaining  'rom  iay  t tor  a hedger. 

hold  the  certificate,  on  average,  from  time  t to  the  time  of 
maturity  of  the  futures  contract,  day  T.  Vhile  some  hedgers 
may  hold  the  certificate  for  less  than  this  time,  others  may 
hold  it  for  longer.  However,  if  a hedger  were  planning  to 
hold  the  3MMA  certificate  for  a length  of  time  much  past  day 

T has  passed,  since  the  second  contract  would  mean  additional 
transactions  costs  and  time.  Therefore,  it  Is  reasonable  to 

on  day  T continue  to  earn  the  coupon  payment  from  time  to  to 
T,  on  average.  The  time  period  (T-t)  is  also  the  relevant 
one  for  long  hedgers  who  are  considering  the  foregone  coupon 
payments  as  an  opportunity  cost.  The  long  hedger  will  only 
buy  the  contract  maturing  on  day  T if  that  maturity  date  moat 
closely  matches  the  date  of  the  hedger's  expected  cash  in- 
vestment. Tt  the  Investment  is  expected  to  occur  long  enough 
efter  day  T,  a long  hedger  holding  that  contract  would  have 
to  buy  a second  contract  maturing  later — incurring  additional 
transactions  costs — in  order  to  maintain  the  hedge.  Pot 
these  reasons,  the  time  period  of  the  coupon  payment  is 
calculated  as  the  number  of  days  remaining  on  the  futures 


the  daily  payment  pei 
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S100  .-nultiplied  by  Ebe  time  pecioiJ,  (T-t).  Since  Che  yearly 
payment  is  eight  percent,  then 

C a 3/365  • (T-t)  (44) 

r( t ) . The  rate  at  which  a hedger  could  borrow  money  to 
buy  a GNMA  certificate  is  r(t).  ?or  the  reasons  discussed  in 
the  preceding  paragraphs,  the  appropriate  time  period  is 
(T-t)  days.  Data  on  interest  rates  for  such  a specific  time 
period  are  not  available.  However,  data  for  the  overnight 
repurchase  rate — the  cate  at  which  an  investor  may  borrow 
funds  overnight  using  a government  security  as  collateral — 
were  used  to  obtain  an  approximation  of  r(E].  The  overnight 
repurchase  rate  for  day  t,  i»,  was  multiplied  by  the  number 
of  days  In  the  time  period  (T-t),  and  the  result  was  used  as 
an  estimate  of  r(t)  for  day  t. 

The  measurement  of  each  variable  contained  in  the  supply 
and  demand  equations  from  Chapter  III  has  now  been  described. 
Sample  statistics  for  the  preceding  variables  are  presented 
in  Tables  4-1,  4-2  and  4-3.  The  hypotheses  concerning  the 
sign  of  each  variable  ace  tested  by  applying  econometric  es- 
timation techniques  to  each  equation.  In  the  absense  of 
price  regulation,  two  stage  least  squares  (2SLS)  would  be 
the  appropriate  technique  to  estimate  the  supply  and  demand 


•The  overnight  repurchase  rates  were  taken  fram  Data 
Resource  Inc.,  "Yellow  Pages  of  Rates." 


equations  since  the  price  and  quantity  of  futures  contracts 
woulf  be  simultaneously  determineti  in  the  two  equations.  How- 
ever, whenever  the  price  limit  is  met,  the  futures  price  var- 
iable switches  from  beinq  elsul taneously  determined  with  quan- 
tity (endogenous),  to  being  exogenous.  Unlike  other  models 
in  which  the  switch  is  determined  by  forces  outside  the  mar- 
)cet,  the  nature  of  the  futures  price  variable  is  determined 
by  forces  within  the  market.  It  is  the  extent  of  the  change 
in  the  equilibrium  price  which  determines  whether  price  is 
exogenous  or  endogenous.  Therefore,  the  standard  switching 
equation  techniques  cannot  be  applied  to  this  market. 

The  remainder  of  this  chapter  contains  the  preliminary 
results  obtained  from  the  OLS  and  2SI,S  estimation  techniques. 
The  correct  estimation  technique  is  discussed  in  Chapter 
Estimation  by  Ordinary  Least  Squares 

The  demand  and  supply  equations  were  first  estimated 
using  the  OLS  technique.  If  the  futures  price  had  reached  an 
upper  or  lower  limit  for  each  observation  in  the  sample,  then 
price  would  not  have  been  determined  simultaneously  with 
quantity  for  any  observation,  and  OLS  would  have  been  the 
correct  estimation  procedure.  Since  the  price  limit  was  only 
reached  during  eight  of  the  740  days  in  the  study,  price  is 
determined  simultaneously  with  quantity  for  732  of  the  days. 
Therefore,  the  price  variable  is  correlated  with  the  error 
term  in  both  the  supply  and  demand  equations,  making  OLS 
estimates  Inconsistent.  However,  OLS  estimation  was  done 
for  both  the  supply  and  demand  equations  for  the  purpose  of 


comparison  wtch  subsequent  estimates.  The  results  are 
suntmarlzeil  in  Table  4-4. 

Prom  these  estimates,  it  woulcl  appear  that  both  the 
demand  and  auppl/  equations  are  upward-sloping.  The  coeffi- 
cient of  the  price  variable  Is  significantly  greater  than 
zero  In  both  equations.*  Indicating  that  hedgers  would 
increase  their  demand  for  futures  contracts  with  an  increase 
in  the  current  futures  price.  Since  the  hedger’s  expected 
profit  from  a long  hedge  when  assets  are  hedged  completely  is 
iSIbfi])  - b(t)),  the  sign  of  the  coefficient  indicates  that 
the  hedger  decreases  demand  for  futures  contracts  when  there 
is  an  increase  in  expected  profit.  This  result  is  not 
consistent  with  the  hedging  behavior  predicted  from  the  model 
in  Chapter  III. 

The  coefficient  of  the  [C  - r(t)8(t)I  variable  is 
significantly  less  than  zero,  as  predicted  from  the  model, 
but  the  ((A^lt)  - h{t)  coefficients  are 

not  significantly  different  from  zero. 

Thus,  we  could  only  reject  the  null  hypothesie  for  the  d 
(C  - r(t]s(t)l  and  lp(t)  - Elp(r))J  variables  if  we  were  to 
rely  on  the  OLS  results. 

Ssttmation  by  Two  Stage  Least  Squares 

Under  ordinary  circumstances,  the  estimation  of  a supply 
or  demand  equation  and  the  price  variable  of  the  supply 
equation  is  done  using  the  2SL5  technique.  This  is  the 
appropriate  method  when  the  observations  are  from  a market  in 


'Since  the  coefficient  oflB|b(t)]  - b(t)J  Is  negative  and 
b(t)  - pit)  - s(t),  the  coefficient  of  the  price  variable. 
p( t) , Is  positive. 


which  the  price  is  allowed  to  adjust  to  that  level  where  the 
quantity  datnanded  is  equal  to  the  quantity  supplied.  In  such 
a market,  price  and  quantity  are  determined  simultaneously, 
and  the  price  variable  is  correlated  with  the  error  term  in 
both  the  supply  and  demand  equations.  The  correlation  of  the 
price  variable  and  the  error  term  in  the  equations  violates 
the  assumption  of  a lero  covariance  between  regressors  and 
the  error  term,  an  assumption  which  must  be  met  before  we  can 
expect  OLS  estimates  to  be  consistent.  Since  the  estimates 
of  the  coefficients  obtained  from  OLS  regression  for  the 
supply  and  demand  equations  are  inconsistent  due  to  this 
correlation,  the  use  of  a different  technique  which  provides 
consistent  estimates  becomes  necessary.  The  method  of  2SLS 
provides  consistent  estimates  by  first  replacing  the  price 
variable  with  a related  variable  having  no  correlation 
with  the  error  term  in  each  equation,  fts  its  name  sug- 
gests, 2SLS  estimation  proceeds  in  two  steps.  In  the  first 
step,  price  is  regressed  against  all  of  the  exogenous 
variables — variables  which  are  not  simultaneously  determined 
with  price  and  quantity — using  OLS  to  obtain  an  expression 
for  price,  p,  in  terms  of  the  exogenous  variables.  This  new 
variable,  p,  is  related  to  the  price  variable  but  it  is 
independent  of  the  error  terras  in  the  supply  and  demand 
equations.  The  second  step  of  the  2SLS  procedure  Is  to 
replace  p with  p In  the  supply  and  demand  equations,  using 
OLS  estimation  on  the  new  set  of  variables.  The  resulting 
estimates  of  the  coefficients  are  consistent  for  markets  in 


which  price  and  quantity 


always  simultaneously 


determined.  The  estimated  coefficients  are  presented  in 
Table  4-5. 

Sxamlning  the  estimates  for  the  demand  equation/  we  see 
from  the  t-statistics , given  in  parentheses/  that  we  cannot 
accept  the  null  hypotheses  as  stated  concerning  Che  basis/ 
b(t)/  Che  expected  basis/  E[b(r}]/  and  the  earnings  foregone 
by  hedgerS/  (C-c( t) ■ a( t) I . Unlike  the  OLS  results/  the 
2SLS  estimate  of  the  coefficient  ot{Etb(t)]  - bltJils 
significantly  greater  than  zerO/  Indicating  Chat  if  hedgers 
ace  net  long/  they  increase  their  demand  for  futures 
contracts  as  the  basis/  p(t)  - s{t)/  decreases.  The  demand 
curve  for  futures  contracts  is  downward  sloping  with  respect 
to  the  futures  price.  An  Increase  in  the  expected  basis 
results  in  an  increase  in  the  expected  return  to  long 
hedgerS/  and  the  2SLS  estimates  indicate  that  hedgers  respond 
to  this  increase  by  increasing  demand  for  futures  contracts. 
The  amount  [C  - r(t)s(t)]  may  be  looked  upon  as  a type  of 
fixed  cost  to  the  potential  long  hedger  of  not  holding  the 
security  until  a later  date.  He  recall  from  the  model  that  a 
decrease  in  this  fixed  cost  increases  the  optimal  fraction  of 
the  expected  Investment  to  hedge.  The  results  in  Table  4-5 
indicate  that  hedgers  do  appear  to  increase  their  demand  for 
futures  contracts  with  decreases  in  this  fixed  cost,  since 
the  coefficient  of  tC  - r{t)s{t))  is  significantly  less  than 


The  one  varlaSle  In  the  (iemand  equation  for  which  we 
cannot  reject  the  null  hypothesis  Is  the  variable  [Aitc)  - 
Ajfcl].  Vhile  the  alternate  hypothesis  states  that  the 
coefficient  of  lAiit)  - A2(t))  should  be  negative,  the 
estimated  coefficient  is  significantly  greater  than  zero.  It 
would  appear  that  hedgers  actually  buy  fewer  futures 
contracts  when  the  net  amount  of  assets  which  could  be  hedged 
by  buying  futures  contracts  increases.  Several  interpreta- 
tions of  this  result  are  possible.  The  first  is  that  the 
model  is  incorrect,  and  hedgers  do  not  respond  to  an  Increase 
in  the  net  amount  of  assets  which  can  be  hedged  using  a long 
futures  position  by  buying  more  futures  contracts,  while 
possible,  such  behavior  does  not  seem  plausible. 

A second  Interpretation  concerns  the  implications  of  an 
increase  in  the  net  amount  of  assets  which  could  be  hedged  by 
long  positions  (that  is,  a decrease  in  [A3_(t)  - A2(t)l).  It 
is  possible  that  firms  react  to  a decline  in  the  expected 
spot  price  in  one  of  two  ways.  The  first  is  to  hedge  their 
assets  by  selling  futures  contracts.  The  second  is  to  de- 
crease or  defer  their  holdings  of  these  assets,  hoping  to  buy 
them  later  at  reduced  prices,  thereby  decreasing  the  (A^lt)  - 
A2{t)l  variable.  According  to  the  model,  the  decline  In 
[A-^(t)  - Ajlt))  increases  the  potential  for  long  hedging,  but 
the  reduction  in  EA^tt)  - A2(tJ]  might  actually  have  been  In 
response  to  circumstances  under  which  we  would  have  predicted 
a decrease  in  long  hedging  ...  an  increase  in  Els(t)]  (a 
decrease  in  BEb(T)l).  Therefore,  a decrease  In  [Aj Et) -Aj ( t) 1 


night  b«  the  result  of  factors  which  would  otherwise  cause 
more  short  hedging  rather  than  causing  more  long  hedging. 

The  net  effect  on  long  hedging  of  these  two  offsetting  forces 
would  be  difficult  to  predict.  It  ma/  be  that  the  else  of 
lA^tt)  - more  strongly  affected  by  firms  which 

reduce  their  asset  holdings  when  they  expect  spot  prices  to 
fall,  rather  than  taking  a short  hedge.  As  a result,  the 
variable  may  Increase  at  the  same  time  as  more  net  long 
hedging  occurs. 

A third  interpretation  of  this  result  is  that  hedgers  do 
respond  to  changes  in  assets  as  predicted,  but  that  the 
[A^(t}  - variable  does  not  provide  a good  measure  of 

the  assets  which  can  be  hedged  by  selling  or  buying  GFJMA 
future  contracts.  For  example,  it  is  possible  that  the  vari- 
able may  not  represent  firms’  true  changes  in  hedging  needs 
because  it  is  only  measured  on  a monthly  basis,  rather  than 
more  frequently. 

Of  the  three  Interpretations,  the  third  seems  to  be  the 
most  likely.  The  transactions  are  observed  dally,  and  In- 
creases or  decreases  of  daily  demand  by  hedgers  should  be  a 
result  of  day-to-day  changes  in  hedgers'  needs  and  asset 
positions.  Changes  in  needs  and  positions  which  are  only 
measured  monthly  would  not  accurately  reflect  these  day-to- 
day  changes.  Unfortunately,  data  for  the  sample  were  only 
available  on  a monthly  basis,  making  it  difficult  to  improve 
on  the  measurement  of  the  [Aj(t)  - A2(t)l  variable  at  this 


the  supply  equetlon  in  Table 


Baaed  on  the  estliriates  for 
i|-S,  the  null  hypothesis  concerning  the  Sp(t)  - E(ph  11  ) 
coefficient  can  be  rejected.  If  speculators  are  net  shortr 
they  increase  their  supply  of  futures  contracts  with  an 
Increase  in  expected  profit,  measured  as  the  current  price 
minus  the  expected  price.  The  supply  function  is 
upward-sloping  with  respect  to  price. 

On  the  other  hand,  we  cannot  reject  the  null  hypothesis 
concerning  the  coefficient  of  Aq(C).  Bather  than  being 
positive,  the  estimate  for  this  coefficient  ia  significantly 
negative.  Indicating  that  speculators  decrease  their  selling 
activity  when  their  asset  bases  increase.  The  alternate 
joint  hypothesis  from  the  model  is  that  if  speculators  exhi- 
bit decreasing  absolute  risk  aversion,  and  if  they  are  net 
short,  they  will  increase  their  net  supply  of  futures  con- 
tracts when  initial  wealth  increasea.  We  could  draw  one  of 
several  conclusions  from  the  fact  that  the  25LS  estimate  does 
not  support  this  hypothesis,  first,  it  is  possible  that  the 
null  hypothesis  is  correct;  either  speculators  do  not  exhibit 
negative  absolute  risk  aversion  or  they  are  not  net  short. 

Another  conclusion  which  could  be  reached  is  that  the 
alternate  hypothesis  is  actually  correct,  but  that  the  magni- 
tude of  the  effect  of  changes  in  initial  wealth  is  larger  for 
long  hedgers  than  for  short  hedgers,  we  recall  that  the  sup- 
ply function  is  derived  from  the  aggregate  supply  minus  the 
aggregate  demand  for  contracts  by  speculators.  An  increase 
initial  wealth  will  Increase  speculators'  demand  for 


contracts  as  well  as  their  supply  of  contracts.  Speculators 
who  buy  contracts  are  those  who  expect  the  futures  price  to 
rise,  yielding  some  level  of  expected  profit.  If  these 
speculators  exhibit  decreasing  absolute  risk  aversion,  they 
will  increase  their  demand  for  futures  contracts  with  an 
increase  in  initial  wealth,  just  as  short  speculators  will 
increase  their  supply  of  contracts  with  increase  in  initial 
wealth.  Now,  if  an  increase  in  aggregate  wealth, 
affects  long  speculators  more  than  short  speculators,  there 
could  be  a negative  relationship  between  Ao(t)  and 
contracts  supplied  even  when  the  alternate  hypothesis  is 
true.  Por  example,  a one  percent  Increase  in  night 

result  In  a two  percent  increase  in  speculators'  demand  and  a 
one  and  a half  percent  increase  in  speculators'  supply.  The 
result  would  be  a net  decrease  in  speculators'  supply  of 
contracts  when  A^lt)  increases,  even  though  speculators  are 
net  short  and  exhibit  decreasing  absolute  risk  aversion.  An 
increase  in  Agit)  could  have  this  differential  effect  on 
speculating  suppliers  and  demanders  If  the  variable 
systematically  reflects  a larger  proportionate  change  in 
demanders*  initial  wealth  posltiona  than  that  of  suppliers, 
or  if  the  two  groups  simply  respond  differently  to  equal 
proportionate  increases  in  their  respective  initial  wealth 

A final  conclusion  which  night  be  reached  concerning  the 
Ag(t)  variable  Is  that  the  null  hypothesis  should  be  rejec- 
does  not  provide  an  accurate  measaure  of 


Aolt) 


the  dyqre<jate  initial  wealth  of  all  speculatote.  The  mea- 
surement of  A^ft)  as  the  average  daily  market  value  of 
government  securities  held  by  dealers  for  each  week  wae  done 
on  the  assumption  that  the  majority  of  the  speculating  is 
done  by  dealers,  and  that  weekly  measurement  of  their  govern- 
ment security  holdings  sufficiently  captures  any  changes  in 
their  initial  asaet  bases.  It  is  possible  that  one  or  both 
of  these  assumptions  are  inappropriate,  and  that 
should  be  measured  in  another  fashion. 

Of  the  three  possible  conclusions  discussed,  the  second 
and  third  are  the  most  likely,  indicating  a need  for  another 
means  of  measuring  Agit).  Howsver,  a better  measurement 
technique  may  not  be  possible  without  specifically  identify- 
ing all  traders  who  hold  speculative  positions,  and  inquiring 
about  their  long  and  short  positions  and  assets.  Rather  than 
wait  for  thla  unlikely  occurrence,  we  must  accept  the  null 
hypothesis  concerning  the  effect  of  AQ(t)  on  the  number  of 
contracts  supplied. 

In  summary,  the  2SLS  estimates  would  lead  us  to  reject 
the  null  hypothesis  concerning  all  variables  except  [A.ftl  - 
A2(t)]  and  A^it).  The  estimated  coefficients  differ  in 
magnitude  from  the  OLS  estlmatee,  and  the  eign  of  the  coeffi- 
cient for  the  basis,!  E|b(t  ) J - b(t))  is  actually  reversed  from 
the  OL.S  estimate.  These  differences  may  be  accounted  for  by 
the  fact  that  variables  containing  price  are  correlated  with 
the  error  terme  of  both  the  supply  and  demand  equations. 


making  OLS  eatlnates  Inconsistent . Since  the  2SLS  process 
removes  this  inconsistency,  it  is  not  surprising  to  see 
changes  in  the  resulting  estimates.  The  only  problem  that 
remains  is  due  to  the  tact  that  the  price  hits  upper  and 
lover  limits  during  some  of  the  days  in  the  sample,  vhich 
vill  be  discussed  in  Chapter  V. 


CHAPTER  7 

OISEO'JItIBRIUM  8STIMATIOM  TECHMIQOeS 

This  chapter  is  a discussion  of  the  correct  estimation 
techniques  to  be  used  tor  the  interest  rate  futures  market, 
and  the  usefulness  of  these  techniques  is  analysed  in  the 
context  of  our  sample. 

Me  first  recall  our  system  of  equations  of  supply  and 
demand  for  interest  cates  futures: 

°t  * ®ii  + j<B[b(T)]  - bit))  -►  3^  j [C  - r(t)s(t)l 


t Sj  JA^(t)  - Ajtt)l  * ut  (It 

-S[p(T)ll  * B^^Ao(t)  + Vj  I2> 
Q j - min  (Dt.Stl  (3) 

|ip|  -mind  p ®(t)  - p(t  - 1)  |,L)  (4) 


There  are  a total  of  740  observations,  which  are  sepa- 
rated into  three  aetsi  v^^  , containing  732  observations  which 
come  from  an  equilibrium  market;'!^,  containing  3,  observa- 
tions from  the  supply  side,  where  Ip  ■ +1.;  and  , containing 
S observations  from  the  demand  side,  where  Ip  = -L.  Foe  the 
set  of  observations  in  , (T)  and  (2)  form  a set  of  simul- 
taneous equations  whers  S.,  and  0-  and  p( t ) are  en- 

dogenous. For  the  observations  in  and  howevsr,  p(t] 
is  an  exogenous  variable. 


The  paranecers  of  the  structural  model  should  be  esti- 
mated using  the  maximum  li!<elihood  technique.  The  correct 
likelihood  function,  which  includes  the  three  different 
regiines  must  first  be  developed.  Let  us  denote  by  'st 
the  probability  that  the  upper  price  limit  has  been  reached, 
and  that  the  observations  come  from  the  supply  schedule. 

Then  the  conditional  density  of  Q in  the  set  V is 


(5) 


where  is  the  joint  density  of  (D^,Q^)  derived  from  the 
joint  density  of  (u.,v  ) from  (1)  and  (2)  where  pttl  - p(t-1l 
-r  C.  and  is  an  exogenous  variable. 

Similarly,  we  define  as  the  probability  of  reaching 
the  lower  price  limit,  when  the  observations  come  from  the 
demand  side.  The  conditional  density  of  0^  in  the  set  Oj  ie 


Here,  g,  is  the  joint  density  of  (Q  ,S  ),  derived  from  the 
joint  density  of  tu^rV  ) from  (1)  and  (2)  where  p(t)  ■ p(t-l) 
- t,,  and  is  exogenous. 

Finally,  the  conditional  joint  density  of  Q and  p(t)  In 
the  aet  itj  (where  both  and  pit)  are  endogenous),  is  flQ^, 
p(t)),  where  f is  derived  from  the  joint  density  of  (u^rV^) 


and  (2)  for 


unconditional  likelihood  function 


maximized  la  therefore 

L « r’-f(0t,p(t)l-n  /g  (D  ,Q  )(3D  -It  / g,  (0,  ,S^)dS . . (7) 

9 fO  ^ ^ iQ.  ^ 

1 2^  3' 

This  Is  the  product  of  f,  fg  and  E^,  all  multiplied  by 
the  probability  of  obtaining  the  observed  sample  separation. 
5ecause  the  Jacobian  of  the  transformation  for  to 

lQt»P(t»  is  [(since  b(t)  - p(t)  - s(t) ) , then 


£(Qt>P(t))  - )£(ut,vt) . 


(B) 


Baaed  on  the  previous  discussiohr  since  tp  > {p(t]  - E[p{tH; 
then  expected  to  be  positive.  Since  8^^  is  also 

expected  to  be  positive.  (8  S.  • i®  expected  to  be 
positive.  Similarly,  the  Jacobian  of  the  transformation  from 
(u^.Vt)  to  (D^.S^J  is  unity,  and 


•■'gj  (Dj  - f £(Ut.Vt)dUt 


where  aj  • Qt  - 0j|-  3^^{p(t)  - E(p(iU}  - 2.^Ap(t) 


Similar ly. 


i(0-.S.ldS, 


(10) 


’’t  “ ®t  ■ 

- [C  - r(t)S(t)]  - 2^_  [Aj(t)-A2(t)l 
Using  (8),  (9),  and  (10),  (7)  can  be  writben  as 

t - 1 f(u^,v^)(a  +a_)  *11  ; f('j^,Vj)diig 

^ • n /"t(iit,V5)dvt  * (11) 


Assuming  and  are  independently  normally  distri- 
buted, (11)  can  be  written  more  etplicitly  as 
732 

L ■ ( 8 +8  ) -IF  ((u.)  - n f (V. ) - n f (v^)du. 

'*  " 'rh  , *2®t 

•E  r £(u^)dVj  (12) 

*'3  ‘^t 

where  f(x)  = expf-‘i(x-  u)Vo*}|  x'^N(u,o*). 

The  maximum  lilselihood  estimates  of  8,  and  s , c are 
found  by  maximising  the  log  of  the  likelihood  function  in 
(12)  through  an  iterative  method  such  as  the  method  of  Newton 
or  the  one  proposed  by  Berndt  et.  al  (1974).  However  these 
procedures  require  initial  consistent  estimators  in  order  to 
obtain  second  round  estimators  which  are  asymptotically 
efficient.  The  two  stage  procedure  to  obtain  consistent 
initial  estimators  will  now  be  described.* 

The  system  of  simultaneous  equations,  (1)  and  (2)  for 
the  setv^  are  first  considered.  In p(t)  is  an  endogenous 
variable.  The  reduced  form  for  p[t)  can  be  expressed  as 

P(t)  where  w^'viid(0 , 3,“)  (13) 

* This  procedure  is  based  on  Naddala  (1980). 


(3x11 


of  all  i:he  exogenous  vsciebles 


in  the  system  and  " is  a (1x3)  vector  of  the  reduced  form 
coef f icienta . In  order  to  estimate  the  paraieecers  in  the 
tobit  method  is  applied  to  Che  following  model 

Ip(c-I)  - L if  p(c)  i.  p(t-l)  - L 

nXt  e if  p(C-11  - L < p(t)<  p(t-l)  + L 

p(t-1l  + L if  p(t)  J p(t-t)  t L (14) 

Prom  this  model/  the  likelihood  function  to  be  maximited  is 


..(nx./oM  -IT  (1-P,.(-Xt/ o’ )I  '15) 


nx^-(p(t-i)-L) 

P3j(EX^,oM  “ _1_  expi-iil  ' )’:-  di 


The  maximum  IDtelihood  estimation  of  (15)  involves  the  use  of 
a two-liralt  tobit  procedure.  The  two-limit  tobit  model  is 
based  on  extensions  of  the  original  tobit  model,  as  listed 
above.  The  computation  process  is  more  difficult  than  Che  one 
used  for  the  two-limit  ptobit  model,  described  In  Bossett  and 
Nelson  (19751.  While  the  standard  tobit  models  are  relatively 


easy  to  compute,  witn  statistical  protjcams  available  to  apply 
to  each  application,  the  two-limit  problem  is  not  commonly 
encountered.  An  example  of  its  application  Is  found  in  Flshe 
and  Lahici  (1981). 

Tobit  estimates  are  then  used  to  ^et  estimates,  p(t), 
for  pit)  for  the  equilibrium  observations  where  tty  . This 
is  done  by  first  writln.j  the  expression  for  the  expected 
value  of  p(t),  given  that  the  observation  comes  from  the  set 
of  equilibrium  points: 

E(p(t)|  tc*  I - nXj  t S(oj  |p(t-1|  - L - nx.  < 


which  can  be  written  as 


t p(t-1)  - 

< ptt-1)  e [■  - o 


defined 


follows : 


V exp 
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FUit)  ».'1/  ■'TTexp  {-'/.(  A)“d'  } , i = t,2  (IBl 

The  estimates,  pit),  for  p(t)  are  based  on  equation 
(IS),  using  the  estimates  and  r.  derived  from  the 
maximization  of  equation  (15). 

The  second  step  on  this  two  stage  procedure  is  to  use 
the  values  of  pit)  in  the  supply  and  demand  equations,  (1) 
and  (2)  for  all  the  equilibrium  observations,  along  with  the 
appropriate  value  for  the  exogenous  pit)  variable  for  the 
observations  in  andiij.  Before  the  estimation  itself,  the 
equations  in  each  regime  must  be  adjusted  for  the  fact  that 
the  residuals  no  longer  have  zero  means  in  any  regime 
considered.  We  first  examine  the  means  of  Che  residuals  in 
the  supply  and  demand  equations  for  tc‘>^. 


e L - rrxt) 


aiu^i  t E'lj)  = Eiu^  p(t-1)  - L - ix, 


p(t-1) 


For  equation  (19)  and  the  ones  which  foUow/  the  following 
definitions  are  used: 

W _ £(2  ) - f(Z  ) (20) 

It  ■ It  2t 

F(Z2t>  - 


3t  It 


Just  as  we  did  for  equation  (19)« 
residuals  for  the  supply  equation  for  t 


E(v^.|  teo^l  ■ E(vJ  p{t-l 


, p(e)  • ?(t-1)  * L and  (2)  is  observed. 


Therefore,  for  these  observations, 


?lnaUy,  £or  the  subset  ?(t)  » p(t-l)  - L.  These 
observations  coite  from  equation  {39],  vhere  we  have 


E{v^|  tsvj  ) 


(251 


Combining  all  the  information  contained  In  equations 
(19),  (23),  (24)  and  (25)  results  in  the  following  system  of 
equations  for  the  second  stage  estimation: 

Demand  functions 

°t"  ^ I * Sjjl8!t>(f)l  - [P(t)  -s(t)])  + 9_  JC  - r(t)s(t)] 

+ e_Jhj(t)  - Aj(t)]  + + '’■It'  <26) 

a_  ^ + 3_^{B[b(T)l  - rp(t-l)  - L - a{t)l  } 

* 8^^  (C  - c(t)s(t)]  + S.JAiC:)  ' A2<'>> 


Supply  functiona 


°t*  IPit)  -E[p(T)l)+  8^jA^(tl 

* -ijt' 

°t  " ®ji  * 8,j{p(t-1)  * L - E[p(  T)I  } + 


These  neu  residuals,  Dj^j.  and  02^  all  have  sero  means. 

The  second  stage  estimation  of  equations  (2d)  through  (29) 
proceeds  after  substituting  p(t)  for  p(t)  and  w^^for  H^tin 
equations  (26)  and  (28).  Similarly,  W^^and  W 2^  are  substi- 
tuted Into  equations  (27)  and  (29)  respectively  for  the 
values,  W^^and  ^2^  ■ These  estimates,  ^ are  obtained 
using  the  values  for  p<t]  and  Kin  equations  (20)  through 
(22).  Ordinary  least  squares  techniques  are  then  used  to 
estimate  the  equations  (26)  and  (27)  together,  and  (28)  and 
(29)  together. 

The  resulting  estimates,  "toblt  two-stage  least  squares' 
estimates,  are  consistent.  They  msy  be  used  as  initial  con- 
sistent estimators  in  the  computation  of  the  maximum  likeli- 
hood estimates  In  (lo). 

As  we  have  stated,  the  procedure  just  outlined  is  the 
correct  estimation  technique  for  markets  which  have  upper  and 
on  the  daily  price  movement. 


If  m 


observations  in  Che  sample  are  diseguilibtiurc  observations 
with  the  price  at  the  upper  or  lower  limit,  then  estimates  of 
the  parameters  from  this  procedure  may  be  very  different  from 

observations  had  prices  at  one  of  the  two  limits,  the  2SLS 
estimation  would  be  done  on  a sample  In  which  a large  portion 
of  the  observations  did  not  have  price  as  an  endogenous  vari- 
able as  assumed  when  using  2SLS.  Purthermore,  knowing 
whether  the  quantity  transacted  represents  only  the  supply  or 
the  demand  schedule  provides  added  information  which  is  being 
ignored  by  using  2SLS,  and  will  change  the  estimates  to 
account  for  the  fact  that  the  other  schedule  (demand  or 
supply)  is  not  also  represented. 

If  the  number  of  disequilibrium  observations  is  small  in 
proportion  to  the  size  of  the  sample,  however,  it  Is  very 
likely  that  the  maximum  likelihood  estimates  from  the  two- 
limit  tobit  initial  estimates  will  be  very  close  to  the  2SLS 
estimates.  Preliminary  calculations  indicate  that  this  would 
be  the  case  for  our  sample.  Hence,  the  elaborate  and  costly 
procedure  of  estimating  the  model  using  a maximum  likelihood 
technique  was  not  done.  For  our  sample,  disequilibrium 
observations  accounted  for  just  over  one  percent  of  all 
observations:  a very  small  proportion.  In  order  to  see  If 
the  disequilibrium  observations  had  a large  influence  on  the 
estimate,  we  applied  2SLS  to  the  sample  with  the  disequili- 
brium points  omitted.  The  results  are  listed  in  Table  5-1. 
Comparing  these  estimates  with 


Chat  the  2SLS  eetlinatee  change  very  little  with  the 


exclusion  of  the  diseguIllSrio.ii  observations.  Similar  evi- 
dence was  found  in  an  examination  of  the  reduced  form  esti- 
mates. ror  the  first  step  of  the  2SLS  estimation,  the  price 
is  regressed  on  all  of  the  exogenous  variahles  in  the  set  of 
supply  and  demand  equations  using  OLS  to  obtain  the  variable 
p(t}  to  replace  p(t}  for  the  second  stage.  For  the  maximum 
liliellhood  technique,  a similar  procedure  is  done  for  the 
first  stage  of  the  two-stage  tobit  technique,  where  p(t}  is 
found  from  Che  tobit  estimates  when  p{t}  is  regressed  on  the 
exogenous  variables.  The  p(t)  from  the  tobit  estimation  is 
used  CO  replace  p(t}  in  the  second  stage,  just  as  the  OLS 
p(c)  is  uaed  in  the  second  stage  of  the  2SL8  estimation.  If 
the  ptt)  variable  obtained  from  Che  OLS  estimation  is  not 
greatly  different  from  that  of  the  tobit  estimation,  the 
second  stage  of  the  2SLS  will  contain  variables  which  are 
similar  to  Chose  in  (26)  and  (28),  where  p(C)  is  used  instead 
of  p(c)  for  Che  second  stage  of  the  tobit  two  stage  estima- 
tion. Therefore,  we  would  expect  the  resulting  consistent 
tobit  estimates  to  be  close  to  the  2SLS  estimates  in  these 
circumstances.  The  results  of  the  OLS  estimation  on  the 
reduced  form  are  contained  in  Table  5-2.  The  reduced  form 
was  then  estimated  using  a standard  one-limit  tobit  model 
based  on  Fair  (1977),  in  order  to  have  some  indication  of  the 
effect  of  adjusting  for  Che  disequilibrium  points.  The  three 
observations  in  which  the  price  reached  the  upper  limit  were 
omitted,  resulting  in  a sample  with  prices  reaching  only  one 


limit.  The  results  of  the  tobit  estimation  ace  listed  In 
Table  !-3.  Compaclns  these  results  with  those  in  Table  3-2, 
we  can  see  that  the  tobit  technique  has  caused  very  little 
change  in  the  seduced  form  estimates. 

From  the  foregoing  evidence,  we  must  conclude  that  the 
benefit  from  undertaking  the  elaborate  computations  of  the 
two-stage  tobit  technique  must  be  very  small  for  our  sample. 
While  the  procedure  outlined  will  be  useful  in  problems  with 
a larger  proportion  of  limit  observations — most  futures 
markets,  during  days  when  the  spot  asset  exhibits  large  price 
charges — it  will  not  lead  us  to  results  much  different  from 
the  2SLS  estimates  for  our  particular  sample. 

Therefore,  we  would  expect  to  reach  the  same  interprete- 
tions  and  conclusions  based  on  the  two-stage  tobit  estimates 
as  those  based  on  the  2SLS  estimates  in  Chapter  IV. 
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CHAPTEH  VI 

SUMHARV  AND  COHCLOSIMS 

A model  of  demand  for  and  supply  of  Interest  rate 
futures  contracts  Is  developed  in  Chapter  III.  The  model  Is 
based  on  previous  uoric  by  stein  ( 1979),  pertaining  to  conaod- 
Ity  futures  contracts.  The  demand  function  is  derived  first. 
Based  upon  the  needs  and  actions  of  hedgers,  assumed  to  be 
net  long.  After  deriving  an  expression  for  the  optimal  frac- 
tion of  assets  which  should  be  hedged,  the  factors  which 
affect  the  demand  for  interest  rate  futures  ace  identified. 
Because  of  the  manner  in  which  the  factors  sffect  the  optimal 
fraction  of  assets  to  be  hedged,  predictions  can  be  made  con- 
cerning tne  direction  of  the  effect  on  demand  resulting  from 
an  Increase  in  each  factor.  According  to  the  model,  an  in- 
creaae  In  the  expected  return  from  the  hedged  poeition. — the 
expected  increase  In  the  basis — will  result  In  an  increase  in 
the  demand  for  contracts.  An  increase  in  the  net  opportunity 
cost  of  not  holding  GNHA  certificates — the  coupon  payment 
minus  the  opportunity  cost  of  the  funds  employed — will  de- 
crease the  number  of  contracts  demanded  by  hedgers.  Finally, 
a net  increase  in  the  amount  of  assets  hsld  (and  needs  for 
such  assets)  which  could  Be  hedged  by  selling  Interest  rate 
futures,  will  decrease  the  demand  for  contracts. 
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The  supply  function  Is  derived  by  exanlnlng  the  actions 
of  speculators,  who  ace  assumed  to  naxlnlte  expected  utility. 
A general  form  of  a utility  function  for  a speculator  is 
written  as  a Taylor  series  expansion,  using  only  the  first 
three  terms.  The  expected  utility  is  written  out,  and  the 
number  of  futures  contracts  which  maximize  expected  utility 
la  derived.  Pactora  affecting  the  supply  of  contracts  are 
Identified  from  this  expression.  The  expression  also  pro- 
vides the  information  necessary  to  make  predictions  concern- 
ing the  direction  of  effect  on  the  supply  of  Interest  rate 
futures  contracts  resulting  from  an  Increase  in  each  factor. 
Based  on  the  model  and  the  behavior  of  futures  prices,  an 
increase  In  the  expected  profit  from  selling  a contract — the 
expected  decrease  in  the  futures  price--will  Increase  the 
supply  of  contracts.  Assuming  decreasing  absolute  risk 
aversion,  an  increase  In  the  Initial  wealth  of  speculators 
will  increase  the  supply  of  contracts. 

The  sample  description  and  the  definition  of  the  varia- 
bles are  presented  in  Chapter  IV,  which  also  contains  the  re- 
sults of  estimation  by  OLS  and  2SLS.  The  results  from  the 
OLS  estimation  would  indicate  that  both  supply  and  demand  Cor 
futures  contracts  increase  when  the  futures  price  increaaee. 
The  two  variables  measuring  assets,  A.,(t)  and  [Ai<tl  - 
AgCt)),  do  not  appear  to  affect  supply  and  demand  ae  pre- 
dicted. When  eatlmation  is  done  by  2SC.S,  the  correlation  of 
the  price  variable  and  the  error  term  Is  removed.  The 
resulting  estimates  indicate  thet  supply  Increases  when  the 


£gture6  price  increesei^r  while  demand  decreases  when  the 
futures  price  increases.  The  25IjS  estimates  of  the  coeffi- 
cients for  the  two  variables  mea8urin9  assets  have  the  aaioe 
signs  as  the  OLS  estimates.  The  most  likely  reason  for  these 
results  is  that  the  model  is  accurate,  but  that  the  measure- 
ment of  hglt)  and  (h]<tl  - precise  enough 

to  capture  the  relevant  changes  in  these  factors.  Unfor- 
tunately, a different  way  to  measure  these  two  variables  does 
not  appear  to  be  plausible  at  this  time. 

Chapter  V is  a discussion  of  the  correct  estimation 
techniques  for  markets  such  as  the  interest  rate  futures  mar- 
ket, in  which  the  price  is  subject  to  upper  and  lower  limits. 
Because  the  sample  being  studied  has  relatively  few  disequi- 
librium points,  it  is  very  likely  that  the  application  of 
these  elaborate  techniques  will  yield  estimates  which  ace  es- 
tremely  cloee  to  the  2SLS  estinatee.  Preliminary  testing  of 
the  sample  indicates  that  this  is  the  case.  Therefore,  the 
interpretation  of  the  toblt  results  Is  most  likely  to  be  the 
same  as  that  from  tha  28C.S  results  presented  In  Chapter  IV. 

Hhile  It  Is  likely  that  the  toblt  technique  would  not 
effect  our  concluelons  drawn  from  the  2fil,S  eetimates.  It  le 
important  to  remember  that  the  toblt  technique  Is  indeed  the 
correct  one  for  such  samples,  futures  markets  often  have  a 
much  larger  proportion  of  disequilibrium  days.  When  teetlng 
this  model  for  later  time  periods  Ih  the  GHHk  market  as  well 


other  markets,  it  la  likely 


toblt  technique  will 


provide  a great  deal  of  inforjoetlon  not  poseible  from 


technique . 
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